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Introduction
G. G. Lauenstein and A. Y. Cantillo
(Editors)

Coastal Monitoring and Bioeffects Assessment Division
Office of Ocean Resources Conservation and Assessment
National Ocean Service
National Oceanic and Atmospheric Administration
Silver Spring, MD

ABSTRACT

Polycyclic aromatic hydrocarbons, butyltins, polychlorinated biphenyls, DDT and
metabolites, other chlorinated pesticides, trace and major elements, and a number of
measures of contaminant effects are quantified in bivalves and sediments collected as
part of the NOAA National Status and Trends (NS&T) Program. This document contains
descriptions of some of the sampling and analytical protocols used by NS&T contract
laboratories from 1993 through 1996.

1. DISCUSSION

The quantification of environmental contaminants and their effects by the National Oceanic and
Atmospheric Administration's National Status and Trends (NS&T) Program began in 1984.
Polycyclic aromatic hydrocarbons, butyltins, polychlorinated biphenyls, DDT and metabolites,
other chlorinated pesticides, trace and major elements, and a number of measures of
contaminant effects are quantified in estuarine and coastal samples. There have been two major
monitoring components within this program: the National Benthic Surveillance Project which
was responsible for quantification of contamination in fish tissue and sediments, and developing
and implementing new methods to define the biological significance of environmental
contamination; and the Mussel Watch Project which currently monitors pollutant concentrations
by quantifying contaminants in bivalve mollusks and sediments. Methods for sample collection,
preparation, and quantification through 1992 were described in NOAA Technical Memorandum
NOS ORCA 71 (Vols. 1 - 4). Part of the NS&T Program is the performance-based Quality
Assurance Project which allows for the documentation of methodology and laboratory
performance through time as analytical procedures change. Methods in the following pages are
those used by laboratories that have worked on the NS&T Project since 1992 as well as the
methods from the National Institute of Standards and Technology, the group that oversees the
quality of organic contaminant analyses. Summaries of the methods used by the National
Research Council of Canada, which is responsible for the assurance of quality for trace element
analyses, are available in other NOS ORCA technical memoranda.

Table 1 shows the time periods laboratories were responsible for various aspects of the Mussel
Watch Project (since 1992), and the authors of the following chemistry chapters. Table 2 lists
the major and trace elements, and organic contaminants measured as part of the core Mussel
Watch Project.

Not only have analytical methods used within the Mussel Watch Project changed with time but
the analytes measured have also changed. The core list of trace elements and PAHs has
remained the same but since 1995, the NS&T Project no longer regularly reports PCB 77 and
126. While these two congeners are quantifiable during the analyses for the other 18 PCB
congeners measured by the NS&T Project, PCB 77 and PCB 126 are only a small percentage of
the co-eluting PCBs with which they are associated. Because planar PCBs are of interest to the
NS&T Project, PCBs 77, 126, and 169 have been measured in select samples since 1995. While



the core list of PAHs measured by the NS&T Project has remained the same the value of also
measuring alkylated PAHs has became apparent and these compounds have been measured
aperiodically since 1993. Beginning in 1995, furans, dioxins and other water soluble
contemporary pesticides have also been measured at selected sites.

Detection limits do change as a function of analytical techniques used, detection limits for the
year 1993 -1996 for each laboratory participating in the Mussel Watch Project are found in
Tables 3 - 15. For information on the analytical evolution of the NS&T Program (both the
National Benthic Surveillance and Mussel Watch Projects), early analytical methods, and early
detection limits (and how they were derived) see NOAA Technical Memorandum NOS ORCA 71.

Table 1. Laboratories analyzing National Status and Trends Program Mussel Watch Project
samples for trace organics and trace elements.

Trace OrganiC ANAlY SES. ... e

Year 1992-1994 1995-1996
East Coast* Battelle* TAMU/GERG
(Peven-MacCarthy and Uhler) (Wade et al.)
Gulf Coast TAMU/GERGP TAMU/GERG
(Wade et al.) (Wade et al.)
West Coast Battelle TAMU/GERG
(Peven-MacCarthy and Uhler) (Wade et al.)

Trace Element ANl SES. ... i e

Year 1992-1994 1995-1996
East Coast Battelle TAMU/TERL
(Crecelius et al.) (Taylor and Presley)
Gulf Coast TAMU/TERL? TAMU/TERL
(Taylor and Presley) (Taylor and Presley)
West Coast Battelle TAMU/TERL
(Crecelius et al.) (Taylor and Presley)

* East Coast samples include those samples collected in the Great Lakes. Gulf coast sites include those sites collected from
Puerto Rico. West Coast sites include sites in Alaska and Hawaii.

© Battelle - Battelle, Duxbury, MA (trace organic analyses) and Sequim, WA (trace element).
D TAMU/GERG - Geochemical and Environmental Research Group of Texas A&M University, College Station, TX.
2 TAMU/TERL - Trace Element Research Laboratory, Department of Oceanography, Texas A&M University, College Station, TX.



Table 2. Organic contaminants, major and trace elements and organometallics determined as

part of the NS&T Program.

Polycyclic aromatic hydrocarbons

Low molecular weight PAHs
(2- and 3-ring structures)

1-Methylnaphthalene
1-Methylphenanthrene
2-Methylnaphthalene
2,6-Dimethylnaphthalene
1,6,7-Trimethylnaphthalene
Acenaphthene
Acenaphthylene
Anthracene

Biphenyl
Dibenzothiophene
C,-Dibenzothiophenes

C,-Dibenzothiophenes
C5-Dibenzothiophenes

Fluorene
C,-Fluorenes

C,-Fluorenes
C5-Fluorenes

Naphthalene
C,-Naphthalenes

C,-Naphthalenes
C5-Naphthalenes
C,-Naphthalenes

Phenanthrene
C,-Phenanthrenes/

Anthracenes
C,-Phenanthrenes/

Anthracenes
Cs-Phenanthrenes/

Anthracenes
C,-Phenanthrenes/

Anthracenes

Chlorinated pesticides (* - determined since 1995)

2,4'-DDD
4,4'-DDD
2,4'-DDE
4,4'-DDE
2,4'-DDT
4,4'-DDT
Aldrin
Chlorpyrifos *

cis-Chlordane

Dieldrin

Endosulfan-| *
Endosulfan-II *
delta-Hexachlorohexane *
gamma-Chlordane *
gamma-Hexachlorohexane *
Heptachlor

High molecular weight PAHs
(4-, 5-, and 6-rings)

Benz[a]anthracene
Benzo[a]pyrene
Benzo[b]fluoranthene
Benzo[e]pyrene
Benzo[ghi]perylene
Benzo[k]fluoranthene
Chrysene
C,-Chrysenes

C,-Chrysenes
C5-Chrysenes
C,-Chrysenes
Dibenz[a,h]anthracene

Fluoranthene
C;-Fluoranthenes/Pyrenes

Indeno[1,2,3-cd]pyrene
Perylene
Pyrene

Heptachlor epoxide
Hexachlorobenzene
alpha-Hexachlorohexane
beta-Hexachlorohexane *
Mirex

cis-Nonachlor
trans-Nonachlor
Oxychlordane *

Polychlorinated biphenyl congeners (IUPAC numbering system)

PCB 8, PCB 18, PCB 28, PCB 44, PCB 52, PCB 66, PCB 101, PCB 105, PCB 118, PCB 128,
PCB 138, PCB 153, PCB 170, PCB 180, PCB 187, PCB 195, PCB 206, PCB 209

Planar PCBs (PCB 77, PCB 126, PCB 169)



Table 2. Organic contaminants, and major and trace elements determined as part of the NS&T
Program (cont.).

Chlorinated dibenzofurans (determined Chlorinated dioxins (determined since
since 1995) 1995)

2,3,7,8-Tetrachlorodibenzofuran 2,3,7,8-Tetrachlorodibenzo-p-dioxin
1,2,3,7,8-Pentachlorodibenzofuran 1,2,3,7,8-Pentachlorodibenzo-p-dioxin
2,3,4,7,8-Pentachlorodibenzofuran 1,2,3,4,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,4,7,8-Hexachlorodibenzofuran 1,2,3,6,7,8-Hexachlorodibenzo-p-dioxin
1,2,3,6,7,8-Hexachlorodibenzofuran 1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin
2,3,4,6,7,8-Hexachlorodibenzofuran 1,2,3,4,6,7,8-Heptachlorodibenzo-p-dioxin
1,2,3,7,8,9-Hexachlorodibenzofuran Octachlorodibenzo-p-dioxin

1,2,3,4,6,7,8-Heptachlorodibenzofuran
1,2,3,4,7,8,9-Heptachlorodibenzofuran
Octachlorodibenzofuran

Major and trace elements
Al, Si, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Sn, Sh, Ag, Cd, Hg, TI, Pb
Organotins @

Monobutyltin3*, dibutyltin2*, tributyltin*, tetrabutyltin

a Only the cation portion of the molecule is quantified because many anions can combine with the tin-containing cation.
Tributyltin is the primary biocide; dibutyltin and monobutyltin are metabolites of tributyltin; and tetrabutyltin is an unintended
manufacturing by-product.

Table 3. Mussel Watch Project East and West Coasts tissue polycyclic aromatic hydrocarbons,
method limits of detection (ng/g dry weight).

Compound 1993 and 1994 Compound 1993 and 1994
Acenaphthene 2.7 2-Methylnaphthalene 2.3
Acenaphthylene 2.1 1-Methylphenanthrene 3.0
Anthracene 2.4 Naphthalene 19
Benz[a]anthracene 1.8 Perylene 6.7
Dibenz[a,h]anthracene 3.8 Phenanthrene 55
Benzo[b]fluoranthene 2.1 Pyrene 5.2
Benzo[k]fluoranthene 4.7 1,6,7-Trimethylnaphthalene 1.8
Benzo[ghi]perylene 51
Benzo[a]pyrene 5.0 C, to C, - Naphthalenes 19
Benzo[e]pyrene 4.0 C; to C4 - Fluorenes 2.7
Biphenyl 4.8 C, to C, - Phenanthrenes +
Chrysene 1.7

. anthracenes 55
2,6-Dimethylnaphthalene 3.6 . .

Dibenzothiophene 2.7

Fluoranthene 5.0 C, to C, - Dibenzothiophenes 2.7
Fluorene 2.7 1 3 P :
Indeno[1,2,3-cd]pyrene 28 C; - Fluoranthenes + pyrenes 5.2
1-Methylnaphthalene 2.6 C, to C4 - Chrysenes 17




Table 4. Mussel Watch Project East and West Coasts tissue pesticides and PCBs, method limits
of detection (ng/g dry weight).

Compound 1993 1994 Compound 1993 1994
Aldrin 1.8 1.3 PCB 8 3.9 4.7
cis-Chlordane 1.4 1.8 PCB 18 2.2 15
Dieldrin 2.3 2.2 PCB 28 1.8 0.85
Heptachlor 3.3 0.85 PCB 44 1.4 1.3
Heptachlor epoxide 1.6 0.75 PCB 52 1.8 1.1
Hexachlorobenzene 1.0 0.74 PCB 66 3.3 0.67
gamma-HCH 1.8 0.92 PCB 101 1.5 0.72
Mirex 2.1 2.1 PCB 105 2.3 0.37
trans-Nonachlor 2.2 0.97 PCB 118 2.6 0.88
2,4'-DDD 4.1 0.89 PCB 128 1.9 1.3
4,4'-DDD 3.2 0.69 PCB 138 2.1 0.76
2,4'-DDE 1.5 0.94 PCB 153 4.5 1.1
4,4'-DDE 2.6 2.5 PCB 170 2.2 2.2
2,4'-DDT 3.1 0.97 PCB 180 25 2.1
4,4'-DDT 3.1 1.3 PCB 187 25 0.86
PCB 195 1.7 1.2
PCB 206 1.6 1.9
PCB 209 1.9 3.3

Table 5. Mussel Watch Project East and West Coasts tissue organotin, method limits of
detection (ng/g cation, dry weight).

1993 1994
Compound
Monobutyltin (MBT) 12 7.6
Dibutyltin (DBT) 12 7.5
Tributyltin (TBT) 19 7.6
Tetrabutyltin 6.7 7.6




Table 6. Mussel Watch Project Gulf Coast (until 1995 and all coasts thereafter) sediment
aromatic hydrocarbons, method limits of detection (ng/g dry weight).

Compound

Acenaphthene
Acenaphthylene
Anthracene
Benz[a]anthracene
Benzo[b]fluoranthene
Benzo[k]fluoranthene
Benzo[ghi]perylene
Benzo[a]pyrene
Benzo[e]pyrene
Biphenyl

Chrysene
Dibenz[a,h]anthracene
2,6-Dimethylnaphthalene
Fluoranthene

Fluorene
Indeno[1,2,3-cd]pyrene
1-Methylnaphthalene
2-Methylnaphthalene
1-Methylphenanthrene
Naphthalene

0.6
0.5
0.5
0.4
0.3
0.3
3.0
0.3
0.2
0.4
0.3
0.4
0.6
0.3
0.6
0.3
1.1
1.2
0.5
11

1993 and 1995 and
1994

1996

0.5
0.3
0.5
0.2
1.3
0.5
1.3
0.6
0.6
0.3
0.7
0.5
0.6
1.0
0.5
0.3
1.0
1.7
0.2
2.2

Compound

Perylene
Phenanthrene
Pyrene
1,6,7-Trimethyl=
naphthalene

C, - Naphthalenes

C, - Naphthalenes

C5 to C, - Naphthalenes

C; to Cg - Fluorenes

C, to C, - Phenanthrenes
+ anthracenes

Dibenzothiophene

C, to C;- Dibenzo=
thiophenes

C, - Fluoranthenes

+ pyrenes
C, to C, - Chrysenes

1993 and 1995 and

1994

2.7
0.6
0.4

0.7

2.3
1.2
1.3
1.2

1.1
0.5

1.0

0.7
0.7

1996

0.6
0.8
11

0.4

2.6
1.2
0.9
1.0

0.5
0.3

0.6

2.1
1.4

Table 7. Mussel Watch Project Gulf Coast (through 1994 and all coasts thereafter) sediment
pesticides and PCBs, method limits of detection (ng/g dry weight).

Compound 1993 - 1995
Aldrin 0.04
cis-Chlordane 0.04
Dieldrin 0.42
Heptachlor 0.19
Heptachlor epoxide 0.32
Hexachlorobenzene 0.05
gamma-HCH 0.04
Mirex 0.04
trans-Nonachlor 0.04
2,4'-DDD 0.04
4.,4'-DDD 0.11
2,4'-DDE 0.05
4.,4'-DDE 0.06
2,4'-DDT 0.33
4.4'-DDT 0.08

1996

0.13
0.08
0.04
0.05
0.04
0.07
0.08
0.11
0.10

0.18
0.07
0.08
0.06
0.05
0.09

Compound 1993 - 1995
PCB 8 0.14
PCB 18 0.07
PCB 28 0.06
PCB 44 0.08
PCB 52 0.07
PCB 66 0.10
PCB 101 0.09
PCB 105 0.17
PCB 118 0.32
PCB 128 0.22
PCB 138 0.17
PCB 153 0.15
PCB 170 0.12
PCB 180 0.09
PCB 187 0.11
PCB 195 0.11
PCB 206 0.13
PCB 209 0.22

1996

0.12
0.82
0.09
0.10
0.42
0.07
0.15
0.06
0.07
0.14
0.07
0.08
0.17
0.05
0.08
0.09
0.05
0.10




Table 8. Mussel Watch Project Gulf Coast (through 1994 and all coasts thereafter) sediment
contemporary pesticides, method limits of detection (ng/g dry weight).

Compound 1995* 1996
1,2,4,5-Tetracholorobenzene - 0.71
1,2,3,4-Tetracholorobenzene - 0.98
Pentachlorobenzene - 0.11
Pentachloroanisole - 0.05
Chlorpyrifos - -

Dicofol - -

alpha-HCH 0.09 0.37
beta-HCH 0.03 0.17
delta-HCH 0.17 0.05
Oxychlordane 0.18 0.07
gamma-Chlordane 0.05 0.15
cis-Nonachlor 0.03 0.04
Endosulfan | - -

Endosulfan Il 0.08 0.06

* These additional analytes were first quantified at selected sites on the three major U.S. coasts beginning in 1995.

Table 9. Mussel Watch Project Gulf Coast (through 1994 and all coasts thereafter) tissue
aromatic hydrocarbons, method limits of detection (ng/g dry weight).

Compound 1993 and 1995 and Compound 1993 and 1995 and
1994 1996 1994 1996
Acenaphthene 8.5 12 Perylene 4.8 10.1
Acenaphthylene 7.3 4.8 Phenanthrene 3.5 6.6
Anthracene 2.3 4.5 Pyrene 4.4 5.6
Benz[a]anthracene 51 25 1,6,7-Trimethyl=
Benzo[b]fluoranthene 4.0 8.7 naphthalene 12 8.4
Benzo[k]fluoranthene 4.0 54
Benzo[ghi]perylene 3.0 4.1 C; - Naphthalenes 20 15
Benzo[a]pyrene 4.9 4.7 C, - Naphthalenes 17 21
Benzo[e]pyrene 2.5 4.3 C5 to C, - Naphthalenes 25 17
Eﬁ@i?r/nle 12.2 12_8 C; to Cg - Fluorenes 19 14
Dibenz[a,h]anthracene 2.8 6.6 C; to C4 - Phenanthrenes
2,6-Dimethylnaphthalene 8.7 10 + anthracenes 30 18
Fluoranthene 4.2 5.8 Dibenzothiophene 2.2 8.7
Fluorene 9.3 6.8 C, to C5- Dibenzo=
Indeno[1,2,3-cd]pyrene 5.6 6.5 thiophenes 4.4 17
1-Methylnaphthalene 9.0 6.4 C;1 - Fluoranthenes
2-Methylnaphthalene 11 8.5 + pyrenes 8.7 11
1-Methylphenanthrene 15 9.1 C, to C, - Chrysenes 22 12
Naphthalene 6.2 8.3




Table 10. Mussel Watch Project Gulf Coast (through 1994 and all coasts thereafter) tissue
pesticides and PCBs, method limits of detection (ng/g dry weight).

Compound 1993 1994 and 1995 1996
Aldrin 0.49 0.41 1.1

cis-Chlordane 0.75 0.49 0.39
Dieldrin 0.66 1.0 1.7

Heptachlor 0.52 0.53 0.54
Heptachlor epoxide 0.57 0.09 0.31
Hexachlorobenzene 0.54 0.40 0.75
gamma-HCH 0.33 0.25 0.77
Mirex 0.54 0.28 0.62
trans-Nonachlor 1.9 0.25 0.35
2,4'-DDD 0.64 0.17 0.37
4,4'-DDD 3.7 0.28 0.92
2,4'-DDE 0.30 0.44 0.35
4,4'-DDE 0.76 0.92 1.3

2,4'-DDT 0.47 0.31 0.53
4,4'-DDT 0.38 0.83 1.1

PCB 8 0.84 1.4 0.82
PCB 18 0.52 1.1 1.0

PCB 28 0.35 0.75 0.88
PCB 44 0.24 0.62 0.75
PCB 52 0.92 1.0 1.1

PCB 66 0.39 0.65 0.45
PCB 101 0.51 0.47 0.47
PCB 105 1.1 1.2 0.55
PCB 118 0.47 1.3 0.96
PCB 128 0.40 0.62 3.6

PCB 138 5.9 1.0 1.1

PCB 153 1.6 2.6 1.1

PCB 170 0.36 2.4 1.1

PCB 180 0.36 0.76 0.53
PCB 187 0.71 0.38 0.62
PCB 195 0.89 0.82 0.69
PCB 206 0.59 0.48 0.67
PCB 209 0.59 1.1 0.77




Table 11. Mussel Watch Project tissue contemporary pesticides, method limits of detection
(ng/g dry weight).

Compound 1995* 1996
1,2,4,5-Tetracholorobenzene - 0.83
1,2,3,4-Tetracholorobenzene - 1.7
Pentachlorobenzene - 0.89
Pentachloroanisole - 0.63
Chlorpyrifos - -
Dicofol - -
alpha-HCH 0.09 0.49
beta-HCH 0.03 0.92
delta-HCH 0.17 0.83
Oxychlordane 0.18 0.72
gamma-Chlordane 0.04 0.39
cis-Nonachlor 0.03 0.62
Endosulfan | - -
Endosulfan Il 0.08 1.1

* These additional analytes were first quantified at selected sites on the three major U.S. coasts beginning in 1995.

Table 12. Mussel Watch Project Gulf Coast (through 1994 and all coasts thereafter) tissue
organotin, method limits of detection (ng/g Sn, dry weight).

1993 - 1994 1995 - 1996
Compound Bivalves Sediments Bivalves Sediments
Monobutyltin (MBT) 6.5 1.0 8.8 15
Dibutyltin (DBT) 5.6 1.0 8.6 15
Tributyltin (TBT) 5.5 1.0 12 15
Tetrabutyltin 4.7 1.0 11 15




Table 13. Mussel Watch Project East and West Coasts tissue major and trace elements, method
limits of detection (ug/g dry Weight).D

Elements 1993 1994

Al 18 120

Si - 300

Cr 0.58 0.41
Mn 6.7 21

Fe 34 920

Ni 0.79 0.74
Cu 2.2 110

Zn 39 1400

As 2.6 1.8
Se 1 3.7
Ag 0.14 0.42
Cd 0.54 0.33
Sn 0.35 0.60
Sb - 0.090
Hg 0.021 0.076
TI -

Pb 0.059 0.19

Table 14. Mussel Watch Project Gulf Coast (through 1994 and all coasts thereafter) sediment
major and trace elements, method limits of detection (ug/g dry weight).

Elements 1993 1994 1995 1996
Al 200 200 360 106

Cr 0.05 0.10 0.50 0.64
Mn 3.5 3.5 7.8 2.5
Fe 11 100 480 290

Ni 0.4 0.40 0.33 0.19
Cu 0.44 0.44 0.47 0.30
Zn 1.5 1.5 11 0.78
As 0.24 0.25 0.10 0.31
Se 0.10 0.10 0.01 0.02
Ag 0.013 0.013 0.01 0.011
Cd 0.018 0.018 0.013 0.003
Sn 0.10 0.10 0.093 0.11
Sb 0.10 0.10 0.08 0.15
Hg 0.006 0.01 0.005 0.005
TI --- --- 0.20 0.04
Pb 0.15 0.15 0.44 0.35
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Table 15. Mussel Watch Project Gulf Coast (through 1994 and all coasts thereafter) tissue
inorganic method limits of detection (ug/g dry weight).*

Elements 1993 1994 1995 1996
Al 0.70 120 120 10

Cr 0.15 0.50 0.50 0.40
Mn --- 3.8 3.8 1.7
Fe 8.5 490 100 15

Ni 0.24 0.15 0.15 0.14
Cu 0.18 0.2 0.16 0.6
Zn 1.2 2.3 6.5 57
As 0.2 0.41 0.40 0.35
Se 0.15 0.60 0.50 0.41
Ag 0.035 0.10 0.10 0.29
Cd 0.012 0.00 0.003 0.008
Sn 0.12 0.14 0.14 0.28
Sb - - 0.08 0.15
Hg 0.016 0.012 0.012 0.015
TI - - 0.20 0.038
Pb 0.10 0.11 0.11 0.10
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Dry Weight Determination of Sediments

S. T. Sweet and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

The percent dry weight determination procedure used for the NOAA National Status and
Trends Mussel Watch Project sediment samples is described. Sediment dry weight was
obtained by drying the samples to a constant weight.

1. INTRODUCTION

Dry weight measurements of sediments are necessary when results of sediment analyses are
expressed on a dry weight basis. Once the dry weight has been determined, the percent
moisture can also be calculated.

2. APPARATUS AND MATERIALS
2.1. Equipment

Balance, analytical, capable of measuring milligram accuracy.
Calibrated weights

Oven, drying capable of maintaining 63 - 65 °C.

Spatula

Vials, scintillation, combusted glass, 20-dram

2.2. Reagents

Methanol (CH30H) [67-56-1] (pesticide quality or equivalent).
Dichloromethane (CH,Cl,) [75-09-2] (pesticide quality or equivalent.

3. PROCEDURE

Sediments were collected in pre-cleaned and/or pre-combusted glass jars and stored frozen
(-20 °C). Sediments were thawed and homogenized using a solvent rinsed spatula. The spatula
was triple rinsed, first using methanol to remove traces of moisture and then using
dichloromethane to remove organics. The scintillation vials were combusted for 4 hr at
400 °C and stored in a dessicator prior to use. The analytical balance was calibrated with
standard weights prior to use. A scintillation vial was removed from the dessicator, labeled,
and weighed. Approximately five (5) grams of sample was placed in the vial and the weight
recorded. This procedure was repeated for all samples in the sample set. The samples were
dried for 24 hr in a drying oven set at 63 - 65 °C. The samples were removed from the oven
after the initial 24 hr and allowed to cool to room temperature in a dessicator for at least 30
min. The samples were weighed and the weight recorded. The samples were put back in the
oven for at least 2 hr after which they were removed from the oven and allowed to cool for at
least 30 min in a dessicator. The sample set was reweighed and the weight recorded. If the
difference between the first and the second weighing was less than £ 0.02 g, the dry weight
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percent was calculated based on the last weighing. The samples were reheated and reweighed
until the difference between weighings was less than +0.02 g.

4. CALCULATIONS

4.1. Percent dry weight

p td iaht = [Vial wt. + Dry sample wt.] - [Vial wt.] 100
ercent dry Weldht = 1vial wt. + wet sample wt.] - [Vial wt.] *

4.2. Relative Percent Difference between duplicates

| First value - Second value |
" (First value + Second value)/2

RDP x 100

5. QUALITY CONTROL

A method blank and a duplicate were processed for every 20 samples or less. The method
blank was an empty vial. The sample identified for the matrix spike/matrix spike duplicate
sample or the original/duplicate sample for trace organic extraction was used as the percent
dry weight duplicate. For the blank, the absolute difference between the vial weight before and
after the drying was no more than +£0.02 g.

The Relative Percent Difference (RPD) was determined for the calculated percent dry weights
for the original and duplicate. The RPD should agree within +25%. If the RPD criteria was not
met, the samples were reweighed. If the RPDs were still not within specifications, subsamples
for percent dry weight were redone.

6. CONCLUSIONS

Sediment samples were normally 40 to 70% dry weight. Dry weight measurements were used
to calculate sediment analyte concentrations on a dry weight basis.
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Determination of Percent Dry Weight for Tissues

Y. Qian and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

The percent dry weight of a tissue is the weight of solid material (in percent) in the
sample compared to the total weight of the sample (dry material plus water). A
procedure used to determine the percent dry weight of biological tissue samples is
described. An aliquot of 0.5 - 1 g of sample was brought to constant weight at 63 - 65
°C. The difference between the weight of the dried sample and that of the wet sample
was used to calculate the percent dry weight of the sample. Quality controls used to
ensure the accuracy and precision in percent dry weight determination are also
described.

1. INTRODUCTION

The percent dry weight of a tissue is the weight of solid material (in percent) in a sample of
biological tissue compared to the total sample weight.

A subsample of tissue was weighed. The subsample was then dried at 63 - 65 °C
(approximately 24 hr) to constant weight. The dry subsample was reweighed.

2. APPARATUS AND MATERIALS
2.1. Apparatus

Balance, top loading with an accuracy of 0.001 g, calibrated daily

Convection oven, 63 - 65 °C

Electrobalance, Cahn or equivalent, with an accuracy of 0.0001 mg, set on the 250 mg - 1
Hg scale, calibrated daily

Freeze dryer, LabConco 8 or equivalent

2.2. Labware

Aluminum foil, heavy duty

Beakers, 10 mL capacity, borosilicate glass, heated at 103 - 105 °C for 1 hr and cooled to
room temperature in a dessicator before use.

Cutting tools (scissors, scalpels, etc.), stainless steel, washed, dried and rinsed with
dichloromethane

Forceps, stainless steel, washed, dried and rinsed with dichloromethane

Jars, glass, 1 pint capacity,

Spatulas, stainless steel, washed, dried and rinsed with dichloromethane

Tweezers, stainless steel, anti-magnetic for microbalance

All glassware was washed and solvent rinsed or combusted at 440 °C for 4 hr.
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2.3. Solvents and reagents

Dichloromethane, Burdick and Jackson pesticide grade or equivalent, lot tested.

3. PROCEDURE

Combusted beakers were prepared for use by heating at 440 °C for 4 hr and then cooling to
room temperature in a dessicator.

It was essential that the dried beakers and dried samples be stored in the dessicator during this
procedure to minimize condensation of moisture which would effect the final weight.

A dried beaker was removed from the dessicator using forceps and was immediately placed on
the top loading balance and weighed. The sample was mixed until it was homogeneous. A
subsample (0.5 - 1 g) of the homogenized tissue was weighed into the beaker. Any unusual
sample characteristics (i.e., odor, oil) was noted in the comment section of the dry weight
bench sheet.

A method blank was prepared by using an empty beaker. The duplicate samples for this method
were the samples designated as matrix spike (MS) and the matrix spike duplicate (MSD)
samples for organic extraction. If MS/MSD samples were not being prepared, then the samples
designated as original/duplicate samples for organic extraction may serve as the quality
control duplicate required for this procedure.

All samples were placed in the a cardboard box lined with aluminum foil using forceps. The box
was loosely covered with aluminum foil and placed in a convection oven at 63 - 65 °C for 24
hr.

The box containing the samples was removed from the oven. The samples were placed in a
dessicator using forceps. The samples were allowed to cool to room temperature in the
dessicator for 30 min.

The dried beakers and dried samples were stored in the dessicator during this procedure to
minimize condensation of moisture which would effect the final weight.

The dried sample in the beaker was removed from the dessicator using forceps and immediately
placed on the top loading balance and weighed. The samples were reheated to 63 - 65 °C for at
least 2 hr, and again cooled in a dessicator for 30 min to room temperature.

The dried sample in the beaker was removed from the dessicator using forceps and immediately
placed on the top loading balance and weighed.

If the difference between the first and second weight of the 10-mL beaker with the dried
sample was less than +0.02 g, the percent dry weight was calculated according to Section 4.1
using the second weight. If the difference was greater than 0.02 g, the heating, cooling and
weighing process was continued until the difference in the last two weights was less than +0.02
g, and the percent dry weight was calculated based on the last weighing.

The relative percent difference (RPD) for the percent dry weight between MS and MSD or
Sample and Duplicate was calculated. The acceptable limits for the RPD was within £25%. If the
RPD was not within specifications, the samples were reweighed. If the RPDs were still not
within specifications, the percent dry weights were redetermined. For the blank, the acceptable
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limit for the absolute difference between the vial weight before and after drying was less than
+0.02 g.

4. CALCULATIONS

4.1. Percent dry weight

p td iaht = [Vial wt. + Dry sample wt.] - [Vial wt.] 100
ercent dry Weldht = 1vial wt. + wet sample wt.] - [Vial wt.] *

4.2. Relative percent difference between duplicates

| First value - Second value |
" (First value + Second value)/2

RDP x 100

5. QUALITY CONTROL

All quality control samples were processed in a manner identical to actual samples.

A method blank and a duplicate were processed with every sample set. The method blank was an
empty 10-mL beaker. For the blank, the absolute difference between the vial weight before and
after drying should be less than +0.02 g for the toploading balance. The RPD for the percent dry
weights should agree within +25%.

6. CONCLUSIONS

Bivalve tissues are normally about 20% dry weight and 80% water. Dry weight measurements
were used to calculate tissue analyte concentrations on a dry weight basis.
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Sediment Grain Size Analysis - Gravel, Sand, Silt and Clay
S. T. Sweet, S. Laswell, and T. L. Wade
Geochemical and Environmental Research Group

Texas A&M University
College Station, TX

ABSTRACT
Contaminants generally are found in higher concentrations on small-sized particles.
Grain size is an important characteristic of sediments that may be correlated with
contaminant concentrations. This procedure describes the method used to determine
grain size for the NOAA National Status and Trends Program (NS&T).

1. INTRODUCTION

Sediment texture is an important variable in the evaluation of contaminant concentrations and

benthic systems. Numerous studies have shown a correlation between contaminant

concentration and grain size. In benthic ecosystem studies, cross correlations between stations

are often dependent upon substrate characteristics.

In the NOAA NS&T program, attempts are made to collect only fine-grained sediments. Sand
(plus any gravel) is determined by wet sieving with a 62.5 p screen.

The most common method for the analysis of silt and clay sized particles is the pipette method
(Folk, 1974). It is based on the settling velocity of particles, usually computed on the basis of
Stokes' Law. At specified times, small volumes of a suspension of the silt and clay fraction are
withdrawn, the water evaporated, and the residue weighed.
2. SAMPLE COLLECTION, PRESERVATION AND STORAGE
2.1. Sample collection
Sediment was collected and placed in plastic Ziploc or Whirl-Pak bags, sealed and labeled.
2.2. Sample preservation and storage
Samples were refrigerated. It is recommended that samples not be frozen or freeze-dried as
these processes can cause changes in the grain size distribution.
3. APPARATUS AND MATERIALS
3.1. Labware and apparatus
The following labware and equipment is needed to perform the grain size analyses:

Bags, Ziploc, gallon size. Dow, Indianapolis, IN.

Balance, analytical, 0.1 mg accuracy, Fisher Scientific, Pittsburg, PA.
Beakers, 50-mL
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Cylinders, graduated, 1-L

Dessicator, Boekel, Philadelphia, PA.

Mason jars, 1 pint, 70610-00518. Kerr Manufacturing Corp., Los Angeles, CA.

Ovens, drying, maintained at 40 - 50 °C and 100 - 130 °C. 1305M. VWR Scientific,
Westchester, PA.

Pipette, 20-mL capacity

Rods, stirring, glass.

Shaker table, H4325, Humboldt Mfg. Co., Norridge, IL.

Sieve, 8-in diameter, 63 mm, ASTME-11 specification. Scientific Products, McGraw Park,
IL.

Sieve, size 10, 2000 mm, -1 phi for gravel, ASTME-11 specification. Scientific Products,
McGraw Park, IL.

Sieve, size 230, 63 mm, +4 phi for sand, ASTME-11 specification. Scientific Products,
McGraw Park, IL.

Timer, 1 sec intervals

Whirl-Paks, 18-0z. NASCO, Ft. Atkinson, WI.

Volumetric glassware and analytical balances were calibrated.
3.2. Reagents

Sodium hexametaphosphate solution, 2.5 g/L. [(NaPO;)s] [10124-56-8] Mallinckrodt,
Paris, KY.

Distilled water

Hydrogen peroxide (30%) (H,0,) [7722-84-1] Mallinckrodt, Paris, KY.

4. PROCEDURE
4.1. Preparation of samples for dry-sieving and pipette analysis

The samples were homogenized by kneading the sample bag by hand. Approximately 15 - 20 g of
sample was placed in a large glass jar. This sample size was chosen to minimize the interaction
of individual grains with each other during settling and lessening the probability of flocculation;
as well as to maximize the amount of material weighed (i.e., with small samples the error in
weighing becomes large with respect to the sample weight). The sample was treated with
approximately 50 - 100 mL of 30% hydrogen peroxide (volume varies with amount of organic
matter present) for 12 hr prior to analyses to oxidize the organic matter present in the
sediment. The sample was washed with distilled water to remove soluble salts. Four hundred
mL of sodium hexametaphosphate solution (approximately 2.5 g/L) was added to disperse the
particles in the sample. The samples were shaken in the shaker table for approximately 24 hr.

4.2. Size analysis of sand/gravel fraction by wet-sieving

A 62.5 p screen was placed over a 1-L graduated cylinder. The sample containing the dispersed
sediment was poured over the screen and washed with dispersant to rinse any remaining fine-
grained sediment into the cylinder. This process separated the gravel/sand fraction (on the
screen) from the silt/clay fraction (in the cylinder). The coarse fraction was washed into a
pre-weighed beaker with distilled water and placed in an oven (100 - 130 °C) to dry for 24 hr.
The beaker was removed from the oven and left to cool to room temperature. The beaker was
left open for several hours to allow equilibration with the moisture content of the atmosphere.
The beaker was weighed to 0.1 mg with an analytical balance. This is the gravel/sand fraction.
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4.3. Silt/clay sized material by settling

The volume of liquid in the graduated cylinder containing the silt/clay material was taken to
exactly one liter volume with dispersant solution. The cylinder was stirred vigorously and left
to stand for one day. When no flocculation was observed, analyses continued. If flocculation was
observed, the sample was discarded and the procedure restarted.

The fine fraction subsamples were taken at the specific times given below to produce the 4 f
and 8 f interval values. Two labeled beakers were pre-weighed to 0.1 mg for use with these
subsamples.

The cylinder was stirred vigorously starting at the bottom and working up until all the sediment
was distributed uniformly throughout the cylinder. At the end of the vigorous stirring, long,
smooth strokes the full length of the cylinder (from the bottom until the stirring rod breaks the
surface) were used. As soon as the rod emerged for the last time, the timer was started. The
pipette was inserted to a depth of 20 cm, and at the end of exactly 20 sec, 20 mL (this is the 4
f aliquot) was withdrawn. This was the most important single step, since this is the basis for
the determination of total weight of the silt and clay. The suspension was pipetted into a
preweighed beaker. The pipette was rinsed with 20 mL of distilled water and the rinse water
was added to the same beaker.

After exactly 2 hr and 3 min, a 20-mL aliquot at a depth of 10 cm was withdrawn. This aliquot
represents the clay fraction (8 f). The aliquot of the suspension was pipetted into a different
pre-weighed beaker, rinsed with 20 mL of distilled water and added to the beaker. After 2 hr
and 3 min all the silt had settled below 10 cm depth leaving only clay.

The beakers were placed in an oven and the suspensions evaporated to dryness for at least 24
hr at 100 - 130 °C. After 24 hr, the beakers were removed from the oven and left to cool to
room temperature for approximately 4 hr to equilibrate with the moisture content of the
atmosphere. The beakers were weighed to 0.1 mg with an analytical balance, and the weights
recorded on a data sheet.

5. CALCULATIONS

The 4 and 8 f dry weight aliquots included the weight of the added dispersant. The dispersant
weight (2.5 g/L) was multiplied by the fraction of the total solution removed (20 mL/1000 mL)
to calculate the weight of dispersant (0.05 g) in the 4 f and 8 f aliquots. The weight of the
dispersant was then subtracted from the 4 f and 8 f aliquot weight. This total was then
multiplied by 50 (1000 mL/20 mL) to yield the sample weight of the silt plus clay fraction (4
f) or the clay fraction (8 f). The sample weight of the silt fraction was calculated by
subtracting the sample weight of the clay fraction (8 f) from the sample weight of the silt plus
clay fraction (4 f).

Total dry weight = wt. sand + wt. silt + wt. clay

where "wt. sand" is the sum of the sand and gravel fractions (particles greater than 62.5 ).

6. CONCLUSIONS

Results were reported as percent sand, silt, and clay on a dry weight basis. The minimum
method performance standard for the method was detection of 0.5% of each fraction. Duplicate
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samples were analyzed with every 20 samples. Results were reported to three significant
figures. The grain size analyses is important because there is sometimes a correlation between
sediment contaminant concentrations and percent of fine sediments.

7. REFERENCE

Folk, R. L. (1974) Petrology of Sedimentary Rocks. Hemphill Publishing Company, Austin,
Texas. 182 pp.
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Total Organic and Carbonate Carbon Content of Sediments

S. T. Sweet and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

This chapter describes the analytical method used to determine total organic and
carbonate carbon in sediments collected as part of the NOAA National Status and Trends
Mussel Watch Project.

1. INTRODUCTION

Total organic and carbonate carbon are parameters that are often useful in providing a better
understanding of sediment contaminant data. The total carbon contained in estuarine sediment is
divided into two fractions: the carbon that originates from plants and animals (organic) and
carbon normally present as calcium carbonate (inorganic).

Total carbon compounds in samples were decomposed by pyrolysis in the presence of oxygen
and the CO, that was formed was quantified by infrared detection. Total organic carbon (TOC)
was determined after sample acidification which converted carbonate carbon in samples to
carbon dioxide. The CO, produced was purged from the acidified sample prior to analysis.
Carbonate carbon or total inorganic carbon (TIC) was determined as the difference between
total carbon and total organic carbon.

2. APPARATUS AND MATERIALS
2.1 Equipment

Balance, analytical, capable of weighing to 1 mg, AC 1205. Sartorius, Bohemia, NY.

Crucibles, combustion, 528-018. LECO Corp., St. Joseph, MI.

Detector, infrared, Horiba PIR-2000 or other suitable detector. Horiba, Irvine, CA.

Flow controller, 42300513. Veriflo Corp., Richmond, CA.

Furnace, induction, 523-300. LECO Corporation, St. Joseph, MI.

Integrator, HP-3396A. Hewlett Packard, Avondale, PA.

Mortar and pestle, 500-mL or other suitable container.

Oven, drying, capable of maintaining 40 to 50 °C, 1305M. VWR Scientific, West Chester,
PA.

Pipettes, glass.

Rotameter, 112-02. Cole-Palmer, Inc., Niles, IL.

Scoop, glass measuring, 503-032. LECO Corp., St. Joseph, MI.

Tubes, jet combustion, 550-122. LECO Corp., St. Joseph, MI.

Variac transformer.
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2.2 Reagents

Accelerator, copper metal, 501-263. LECO Corp., St. Joseph, MI.

Accelerator, iron chip, 501-077. LECO Corp., St. Joseph, MI.

Catalyst Pellets, platinized silica, 501-587. LECO Corp., St. Joseph, MI.

Hydrochloric acid (HCl) [7647-01-0], ACS reagent grade, Al144-212. Fisher Scientific,
Pittsburgh, PA.

Magnesium perchlorate (anhydrone) [Mg(ClO,4),] [10034-81-8], 501-171. LECO Corp., St

Joseph, MI.
Manganese dioxide (MnO,) [1313-13-9], 501-060. LECO Corp., St. Joseph, MI.

Molecular sieve 5A Supelco #2-0301. Belefont, PA.

Standards, pin and ring carbon, range 0.1 to 1.0% carbon, 501-502, 501-503, 501-504.
LECO Corp., St. Joseph, MI.

Water, HPLC grade, 6795-09. Malinckrodt, Paris, KY.

3. Procedure
3.1. LECO system preparation

The LECO induction furnace was allowed to warm up for at least 30 min. The oven was closed,
the oxygen cylinder valve opened, and the regulator set to 40 psi. The oxygen flow was allowed
to stabilize for at least 15 sec before the flow was adjusted to approximately 800 mL/min
using the flow controller. After 30 sec, the panel meter on the Horiba Infrared Analyzer was
set to zero.

3.2. Total carbon determination
3.2.1. Sample preparation

Between 0.1 to 0.5 + 0.001 g of oven-dried, finely ground homogenized sediment was weighed
on a calibrated balance into a tared, carbon-free combustion crucible. The amount of sample
depended on the expected carbon concentration. Between 0.5 and 8.6 mg of carbon were
required for a response within the range of the standard curve.

One scoop (approximately 1.4 g) each of the copper and iron chip accelerators were added to
each of the crucibles containing samples. All crucibles were kept covered with aluminum foil
prior to analyses.

3.2.2. Sample analyses

The crucible was placed on the oven pedestal and sealed within the oven combustion tube. The
oxygen flow was allowed to stabilize for about 15 sec, the flow rate checked on the rotameter,
and adjusted to 800 mL/min. The induction furnace was turned on. The carbon present in the
sample began to combust after about 20 sec and the evolved CO, was trapped on a 5A 45/60

mesh molecular sieve. The Variac transformer was set at 40% and switched on. After the
sieve had heated for one minute, the Hewlett Packard integrator was started. Once the signal
returned to baseline, the Variac was shut off, the cooling fan turned on, and the integrator
stopped. The peak area for the sample was recorded. The oven was opened and the hot crucible
was removed. This procedure was repeated for all samples in each analytical batch.
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3.2.3. Standard analyses

Standard LECO pin and ring carbon standards were placed into an empty carbon free combustion
crucibles and one scoop of the copper accelerator was added. LECO calibration standards
consisted of 1 g steel rings or pins of precisely known carbon concentration. These calibration
standards were traceable to NIST standard reference materials. Different LECO carbon
standards were chosen to cover the range of 0.1 to 1.0% carbon and at least five different
carbon standards were analyzed with each sample set. Standards were analyzed using the same
procedure as outlined in Section 3.2.2.

3.3. Total Organic Carbon determination

3.3.1. Sample preparation

Appropriate amounts of dried sample (Section 3.2.1) were weighed into a tared crucible. The
samples were acidified by adding 10% HCI in a dropwise fashion until bubbling stopped. The
acidified samples were dried overnight at 50 °C in a drying oven.

3.3.2. Sample analyses

These samples were analyzed as described in Section 3.2.2.

3.4. Total carbonate carbon content

Carbonate carbon was determined by difference between total carbon and total organic carbon
in a sample.

4. STANDARDIZATION AND CALCULATIONS

Prior to analyzing samples, standards were analyzed (daily) to establish a standard curve.
Standard curves varied slightly from day to day.

A set of five different LECO carbon standards containing a known range of carbon were
analyzed to establish the curve. Several standard rings and/or pins were run initially to bring
the system to correct operating conditions. The calibration curve was prepared by plotting
percent carbon versus standard peak areas.

The best fit equation for the calibration curve was determined by regression analysis. If the
correlation coefficient for the equation was less than 0.99, the standards data set was
discarded and another set of five calibration points analyzed. The calibration curve was used to
determine the carbon content of samples analyzed that day.

The sample peak areas obtained from the integrator were converted to percent carbon using a
second order equation obtained from the calibration curve

2
c _MlA + M,A + b
s wt.
where A was the area of the sample peak, b was the intercept of the second order calibration
equation, M4 and M, were the coefficient from the second order calibration equation, Cg was

the percent carbon in the sample, and wt was the sample dry weight.

Percent carbonate carbon = Percent total carbon - Percent TOC
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5. QUALITY CONTROL

Quality control samples were processed and analyzed in an identical manner to that used for the
samples.

A method blank, consisting of approximately 1.4 g each of copper and iron chip accelerators,
was run with every 20 samples or every sample set, whichever was more frequent. Blank
levels were less than three times method detection limit (MDL).

Duplicate samples were run for every 20 samples or at least with every sample set. Duplicates
agreed within £20% for low level (<1.0% carbon) samples and +10% for normal/high level
(31.0% carbon) samples. Duplicates were less precise for very inhomogeneous samples (i.e.,
peats, samples containing twigs, grasses, etc.).

LECO pin and ring carbon standards were used as reference materials and standards.

6. REPORTING AND PERFORMANCE CRITERIA

Reporting units were percent organic carbon on a dry weight basis and percent carbonate
carbon on a dry weight basis. Results were reported to two significant figures.

The minimum method performance standard was detection of 0.02% carbon in a sample.

7. CONCLUSIONS
Total organic and carbonate carbon were determined in sediments collected along the U.S. coast

for use in the interpretation of organic contaminant concentrations of samples collected as part
of the NOAA National Status and Trends Mussel Watch Project.
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Determination of Percent Lipid in Tissue

Y. Qian, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

The percent lipid (weight/weight basis) of a tissue is operationally defined as the
weight (in percent) of the material extracted by dichloromethane from the tissue
sample. The procedure used to determine the percent lipids of biological tissue samples
is described. An appropriate amount of sodium sulfate-dried tissue sample was
extracted three times with dichloromethane (100 mL each time). An aliquot of 20 mL of
the extract was quantitatively removed for lipid determination. This aliquot was
further dried with sodium sulfate and brought to a final volume of 1.0 mL in
dichloromethane. An aliquot of 100 uL was taken and evaporated to constant weight.
The residual weight of this dried 100 pL portion was used to calculate the percent lipids
of the sample based on the dry weight. Quality control measures used to ensure the
accuracy and precision of percent lipids determination are also described.

1. INTRODUCTION

The percent lipid content of a tissue is operationally defined as the weight (in percent) of
material extracted from a tissue with dichloromethane.

The tissue sample was extracted with dichloromethane in the presence of anhydrous sodium
sulfate. An aliquot of the extract was removed for lipid determination. This aliquot was filtered
and concentrated to a known volume. A known volume of the aliquot was taken, evaporated to
dryness, weighed, and the percent lipids for the sample was determined on a dry weight basis.

2. APPARATUS AND MATERIALS
2.1. Apparatus

Electrobalance, Cahn Electrobalance or equivalent, with an accuracy of 0.0001 mg, set on
the 250 mg - 1 pg scale

Hot plate, set on low heat

Micropipette, 100 pL

Rotoevaporator, Brinkmann Rotovapor R110, or equivalent

Vortex mixer

2.2. Labware

Aluminum foil, heavy duty

Flat bottom flasks, 125-mL capacity, borosilicate glass

Funnels, powder, 65 cm, borosilicate glass

Glass fiber filters, 11.0 cm, Whatman GF/C or equivalent

Graduated cylinders, 25-mL and 500-mL capacity, borosilicate glass

Syringe, 1-mL volumetric

Tweezers, stainless steel, anti-magnetic

Vials, 7 dram capacity, borosilicate glass, with Teflon-lined, solvent rinsed caps
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All glassware was washed and then solvent rinsed or combusted at 440 °C for 4 hr.
2.3. Solvents and reagents

Dichloromethane (CH,Cl,) [75-09-2], Burdick and Jackson pesticide grade or equivalent,
lot tested.

Sodium sulfate (Na,SO,4) [7757-82-6], granular, anhydrous, J. T. Baker, ACS reagent
grade or equivalent, combusted at 440 °C for 4 hr; stored at 120 °C and cooled to
room temperature in a dessicator before use.

3. PROCEDURE

After tissue samples were extracted (see tissue extraction method), the solvent level of the
sample extract was marked on the 500-mL flat-bottom flask. The tissue extract was mixed by
swirling the 500-mL flat-bottom flask and a 20-mL aliquot of the tissue extract was removed
using a 25-mL graduated cylinder for lipid determination. A glass fiber filter containing
approximately 10 g of anhydrous sodium sulfate was pre-wetted with dichloromethane and the
20-mL aliquot was filtered into the 125-mL flask. The graduated cylinder was rinsed three
times with 3 - 5 mL of dichloromethane and the rinses poured through the filter. The total
volume of the sample extract was determined after the sample extract was evaporated and
transferred from the 500-mL flat-bottom flask. Each of the 500-mL flasks was filled with tap
water to the previously marked line, and the volume of the water measured with a 500-mL
graduated cylinder.

A method blank and a duplicate were processed with every sample set. Twenty (20) mL of the
extraction method blank was used as the lipid method blank. The sample extracts for the
extraction batch matrix spike (MS)/matrix spike duplicate (MSD) was used as the
original/duplicate.

The filtered aliquot was evaporated using the Rotoevaporator to near dryness. The residue was
quantitatively transferred with dichloromethane to a 7-dram vial. The solvent in the 7 dram
vial was evaporated to dryness under a stream of nitrogen. Alternatively, the solvent was
allowed to evaporate by loosely capping the vials.

A 1-mL syringe was rinsed three times with dichloromethane. Dichloromethane was added to
the lipid vial so that the final volume was 1 mL. The cap was replaced and the sample vial was
shaken by a vortex mixer for 10 sec. The vial was allowed to sit for at least 30 min and was
mixed using the vortex mixer again. For samples that were very high in lipid, it was necessary
to adjust the final volume of 2 mL.

The 100 pL micropipette was calibrated according to the manufacturer's instructions. The
micropipette was pre-rinsed at least five times with dichloromethane. The electrobalance was
calibrated with the standard 200 mg weight according to the manufacturer's instructions.

Using tweezers, a small piece (approximately 1 cm x 2 cm) of glass fiber filter was placed on a
corrugated aluminum foil support on the hot plate for a few minutes. The filter was transferred
to the electrobalance weighing pan and the balance tared. The filter was placed back on the hot
plate.

A 100-pL aliquot of the lipid extract was removed using a 100 pL and slowly dotted onto the

warm filter. The micropipette was rinsed again at least five times with dichloromethane. The
7-dram vial was tightly capped and stored in the freezer at -20 °C.
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When the solvent had evaporated from the filter, the filter was placed on the weighing pan of
the tared electrobalance using tweezers. When the reading was stable, the weight (in mg) was
recorded.

The percent lipids in the extract was calculated on a dry weight basis.

The relative percent difference (RPD) for the percent lipid values for the original and duplicate
sample were calculated. The acceptable RPDs for the sample and Duplicate or MS and MSD was
required to be within £25%. If the RPD was not within £+25%, the original and duplicate sample
extracts were reweighed. If the RPDs were still not within specifications, the samples were
re-extracted for lipids. The lipid weight (in mg) for the blank was less than 0.005 mg.

4. CALCULATIONS

4.1. Percent lipid

TV FV LW

Percent lipid = K/ X W X g\/ x 100

where TV is the total volume of the extract (mL), AV is the volume of the aliquot (mL), FV is
the final volume (mL), VW is the volume weighed (mL), LW is the lipid weight (grams), and SW
is the sample weight (grams).

4.2. Relative percent difference (RPD) for duplicate analysis

| First value - Second value |
~ (First value + Second value)/2

RDP x 100

5. QUALITY CONTROL
All quality control samples were processed in a manner identical to the actual samples.

A method blank and a duplicate were processed with every sample set. The lipid method blank
was a 20-mL aliquot of the extraction method blank. The extraction batch sample extract
designated as the MS/MSD or as original/duplicate was used as the QC duplicate required for
this procedure. The RPD for the -calculated percent lipid values for the duplicates was
determined. The RPD agreed within £25%. The lipid weight (in mg) for the method blank was
less than 0.005 mg.

6. CONCLUSIONS
This method operationally defined the percent lipid in tissue by extraction with

dichloromethane. Lipid content has been found to be correlated to contaminant concentrations
for specific tissues and whole organisms.
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TERL Trace Element Quantification Techniques

B. J. Taylor and B. J. Presley
Oceanography Department
Texas A&M University
College Station, TX

ABSTRACT

Sample preparation and analysis methods have been developed and refined that allow
the accurate and precise determination of major and trace elements in sediment and
biological tissue samples. Sample preparation emphasizes homogenization and total
digestion steps that minimize contamination. Analysis utilizes atomic absorption and
neutron activation techniques, and includes a full suite of quality assurance samples
(with an emphasis on certified reference materials) in order to produce reliable data.
These methods allow measurement of both background and elevated concentrations
within NOAA’s Status and Trends Program, permitting subtle temporal and spatial
differences to be detected.

1. INTRODUCTION

This chapter documents the analytical procedures used for major and minor element analysis of
marine sediments and tissue samples collected from the Gulf of Mexico coast of the United
States as part of the Mussel Watch Project of NOAA's National Status and Trends Program.
These procedures were used by the Trace Element Research Laboratory (TERL), Department of
Oceanography, Texas A&M University to analyze samples collected from 1991 to 1997.

2. EQUIPMENT AND SUPPLIES
2.1. Instrumentation

Perkin-Elmer model Z/3030 atomic absorption spectrophotometer. Perkin-Elmer, Norwalk, CT.
Printer, Okidata Microline 184
Graphite furnace, Perkin-Elmer HGA-600
Graphite furnace cooling unit:
Constant Temperature Circulator Model FK. Haake, Paramus, NJ.
IC-6 refrigeration unit, Lauda water bath. Curtin-Matheson, Houston, TX.
Autosampler, Perkin-Elmer AS-60
EDL power supply, Perkin-Elmer Model 040-0354

Perkin-Elmer model 4100-ZL atomic absorption spectrophotometer. Perkin-Elmer, Norwalk, CT
Printer, Okidata Microline 320
Graphite furnace, transversely-heated stabilized temperature platform
Autosampler, Perkin-Elmer AS-70
EDL power supply, Perkin-ElImer System 2

Perkin-Elmer model 3110 atomic absorption spectrophotometer. Perkin-Elmer, Norwalk, CT
Background correction, deuterium arc
Burner (0040-0146) with standard nebulizer, flow spoiler, and single-slot acetylene
(0040-0266) and nitrous oxide (0040-0277) burner heads
Digital absorbance readout
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Mercury Monitor, Model 1235. Laboratory Data Control Analytical, Riviera Beach, FL.

Wavelength setting, 254 nm
Absorbance cell, 30 cm

Recorder, OmniScribe Model A5101-2. Houston Instruments, Houston, TX.

Ortec pure germanium large volume co-axial detectors, GEM-22170S and 23185-P, with 1.68
KeV and 1332.5 KeV resolution, 22% efficient compared to Nal detector. EG&G Ortec, Oak

Ridge, TN.

Nuclear Data model 9900 MCA, implemented on a VAX station II-GPX.

2.2. Supplies

Hollow cathode lamps (HCL). Perkin-Elmer, Norwalk, CT.
Electrodeless discharge lamps (EDL). Perkin-Elmer, Norwalk, CT.

Argon, high-purity (99.999%)
Acetylene, industrial
Nitrous oxide

Graphite tubes, pyrolytically coated, grooved, Perkin-Elmer BO10-9322

Graphite tubes, pyrolytically coated, ungrooved, Perkin-Elmer BO10-9322

L'vov graphite platforms, pyrolytically coated, Perkin-Elmer BO10-9324
Autosampler cups, 2-mL, polystyrene, B2713-2. Baxter Scientific Products, McGaw

Park, IL.

2.3. Labware

Balance, 0.01 g, Fisher 200 Ainsworth
toploader. Fisher Scientific, Pittsburgh,
PA.

Balance, 0.01 g, Mettler PC2000.

Balance, analytical, 0.0001 g, Mettler H10.
Balls, 1-cm diam., Teflon

Balls, 3.5-cm diam, Teflon

Bench, clean, with HEPA filter. Liberty
Industries, East Berlin, CT.
Bottles, screw-cap bottles, polyethylene,

wide-mouth, 1-0z., Nalgene 2104-0001

Digestion vessels, 50-mL, Teflon (PFA), 561-
R. Savillex, Minnetonka, MN.

Drying oven, 60 °C, NAPCO 332. Curtin-
Matheson Scientific, Houston, TX.

Drying oven, 130 °C, Thelco

Freeze dryer (Virtis 10-100) and vacuum
pump (Welch Duo-Seal 1402B80). Virtis
Co., Gardner, NY, and Welch, Skokie, IL.

2.4. Reagents
Ammonium dihydrogen phosphate (NH,H,PO,)

[7722-76-1], Spectropure Grade, P30.
Spex, Edison, NJ.
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Jars, large, Teflon

Pipette tips, for Finnpette, Finntip 62.
Labsystems
Pipette tips, polypropylene for Eppendorf

pipettes, 10 - 100-mL Model 22 34190-1
and 200-1000 mL, 22 35 090-1.

Pipette, Finnpette, adjustable, 1000 - 5000-
mL 9402020. Curtin-Matheson Scientific,

Houston, TX.

Pipette, transfer, polyethylene.

Pipettes, Eppendorf, fixed volume: 10-mL,
22350102; 25-mL, 22350307; 50-mL,
22350404; 100-mL, 22350501; 200-
mL, 22350609; 500-mL, 22350706;
1000-mL, 22350803.

Vials, snap-cap vials, polystyrene, 5-, 15-,

and 40-dram. Baxter Scientific Products,
McGaw Park, IL.

Ascorbic acid (CgHgOg) [50-81-7], A-7506.
Sigma, St. Louis, MO.



Boric acid (H3BO;) [10043-35-3], 10659,
Grade 1. Johnson Matthey, West Chester,
PA.

Citric acid (CgHgO;) [77-92-9], 0110. J. T.
Baker, Phillipsburg, NJ.

Hydrochloric acid (HCI) [7647-01-0],
concentrated (37%), Ultrex 6900-05. J.
T. Baker, Phillipsburg, NJ.

Hydrofluoric acid (HF)
concentrated (48%),
Baker, Phillipsburg, NJ.

Magnesium nitrate [Mg(NO3), - 6H,0] [13446-
18-9], MG60-50. Spex, Edison, NJ.

Nickel oxide (NiO) [1313-99-1], powder.
Spex, Edison, NJ.

[7664-39-3],
9560-06. J. T.

2.5. Matrix modifiers

Nitric acid (HNO;) [7697-37-2], concentrated
(70%), 2704-7x6. Mallinckrodt,
KY.

Nitric acid (HNO3) [7697-37-2], concentrated

Paris,

(70%), Ultrex 6901-05. J. T. Baker,
Phillipsburg, NJ.
Palladium metal [7440-05-3], Specpure,

560001. Johnson Matthey, West Chester,
PA.

Perchloric acid (HCIO,) [7601-90-3], con-
centrated (70%), Ultrex 4805-01. J. T.
Baker, Phillipsburg, NJ.

Stannous chloride, (SnCl, - 2H,0) [10025-69-
1], 8176. Mallinckrodt, Paris, KY.

Water, redistilled in quartz sub-boiling still.

Ammonium phosphate: 0.04 g/mL in quartz-distilled water
Ascorbic acid: 2% w/v made with quartz-distilled water
Citric acid: 2% w/v made with quartz-distilled water

Hydroxylamine hydrochloride

Magnesium nitrate: 0.02 g/mL in quartz-distilled water
Palladium nitrate: 1000 mg Pd/mL made by dissolving 0.05 g Pd metal in 2 mL
Concentrated Ultrex HNO3 and diluted to 50 mL with quartz-distilled water

2.6. Standards

Baxter Ricca standards, 1000 ppm. Ricca Chemical Co., Arlington, TX.

Element Stock number
Ag 7100-16UK
Al 600-16UK

As 800-16UK

Cd 1700-16UK
Cr 2100-16UK
Cu 2300-16UK
Fe 4200-16UK
Hg 4800-16UK
Mn 4600-16UK
Ni 5300-16UK
Pb 4300-16UK
Sb 700-16UK

Se 6700-16UK
Sn 8500-16UK
Zn 9500-16UK
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3. SAMPLE TREATMENT
3.1. Oyster and mussel tissue
3.1.1. Bivalve shucking

Oysters and mussels were rinsed with distilled water to remove extraneous material and
shucked with a stainless steel knife (using care not to touch the tissue). Tissue was removed
with plastic forceps and rinsed with distilled, deionized water to remove sediment particles
from qills and exterior tissue surfaces. Soft parts were transferred to a tared Ziploc
polyethylene bag, and the number of individuals shucked and placed in the bag is recorded. When
all individuals from a site had been shucked, they were weighed on a top loading balance to
measure the total sample wet weight. The pooled samples were placed in a freezer to await
further processing.

3.1.2. Bulk homogenizing

Ziploc bags containing pooled tissue were removed from the freezer and allowed to thaw. The
entire pooled sample was transferred to an acid-washed Teflon jar and 3 large Teflon balls
were added. The Teflon lids were securely tightened and the jars placed in Ziploc bags and
shaken in an industrial paint shaker for 20 min. After the bulk sample was homogenized, an
aliquot of the sample was transferred to a clean 40 dram snap vial and frozen.

3.1.3. Freeze drying

The frozen aliquot from the bulk homogenization step was placed in a freeze drier and allowed
to dry for several days, depending upon the total mass of tissue being dried at one time. In
some cases it was necessary to remove the samples from the freeze drier and drain
accumulated water from the trap before continuing with the drying step.

3.1.4. Homogenization of dry aliquot

When samples have been thoroughly dried, three small Teflon balls were inserted into each snap
cap vial, the lids were affixed, and the samples placed in a Spex shaker mill for 1 min. The
Teflon balls were then removed, and the samples stored in closed vials until weighing.

3.1.5. Digestion

Approximately 0.2-g samples of dried tissue were weighed to the nearest 0.0001 g and
transferred to tared, acid-washed Teflon bombs. Three mL of HNO3; were added and the bombs
capped loosely and allowed to stand overnight at room temperature. The bombs were then
tightened to 18 foot-Ibs and placed in a 130 °C oven for a total of approximately 20 hr. During
this time, the bombs were periodically removed from the oven, allowed to cool, and vented to
release excess pressure. When digestion was complete, the samples were allowed to cool and
18 mL of quartz distilled water added to each sample. The bombs were closed, mixed by
shaking, and weighed to 0.01 g to determine the total solution weight. The digest solution was
transferred to labeled 1-o0z polyethylene bottles. Solution density was determined by weighing
known volumes with calibrated Eppendorf pipettes in order to determine solution volume.

For analysis of Hg, tissue samples were digested using a modified version of the Environmental
Protection Agency (EPA) method 245.6. Approximately 0.15 to 0.3 g (dry weight) sample was
weighed into a 50-mL polypropylene centrifuge tube. Concentrated H,SO, (2.5 mL) and 1.5 mL

of concentrated HNO3 were added and the samples heated in a water bath at 90 - 95 °C for 30
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min. After cooling, 10 mL of distilled water, 10 mL of 5% (w/w) KMnO,, and 5 mL of 5%
(w/w) of K,S,05 were added to each tube, and the samples left overnight without heating.

Before analysis, 5 mL of 10% (w/w) NH,OH - HCI were added to reduce excess permanganate
and the volume brought to 40 mL with distilled water.

3.1.6. Displacement volume

Bivalve shells were removed from the refrigerator and placed in a displacement cylinder
containing distilled water. Water escaping from the cylinder as shells were added was captured
in a graduated cylinder. When the water flow ceased the volume of displaced water was
recorded. Shells were then removed from the cylinder, placed in plastic bags, and returned to
the refrigerator.

3.2. Bottom sediment

Bottom sediment samples were prepared for atomic absorption analysis and activation analysis
by freeze drying and wet digestion.

3.2.1. Homogenization

Wet bulk sediment was stored frozen until sample processing begins. Sediment was thawed and
homogenized with a clean plastic spatula. A homogeneous aliquot of the bulk sample was
transferred to a labeled 40 dram snap cap vial and frozen. The remainder of the sample was
archived in the freezer.

3.2.2. Freeze drying

The snap cap vial containing the sediment sub-sample was placed in a freeze drier for the
period of time required for complete drying. Depending upon the amount of water in the freeze
drier, this ranged from 12 - 76 hr.

3.2.3. Homogenization of dry aliquot

In some cases, homogenization of freeze dried sediment was accomplished by simply placing the
snap cap vials in a Spex shaker. When this is not sufficient, the samples were individually
ground in alumina mortar and pestles and the powdered samples returned to the vials in which
they were freeze dried.

3.2.4. Digestion

Approximately 0.2 g of homogenized, dried sediment were weighed to the nearest 0.0001 g and
transferred to tared, acid-washed Teflon bombs. Three mL HNO3z were added and the bombs
tightened to 18 foot-Ibs and placed in a 130 °C oven for a total of approximately 12 hr. During
this time, the bombs were periodically removed from the oven, allowed to cool, and vented to
release excess pressure. After this period, the bombs were removed from the oven and
allowed to cool. Two mL of concentrated HF were added and the bombs retightened and returned
to the oven for 12 hr. After cooling, 18 mL of 4% boric acid were added and the bombs
retightened and returned to the oven for another 12 hr. After the samples were allowed to
cool, the content of the bombs were mixed by shaking, and the bombs weighed to 0.01 g to
determine the total solution weight. The digest solution was then transferred to labeled 1 oz
polyethylene bottles. Solution density was determined by weighing known volumes with
calibrated Eppendorf pipettes in order to determine solution volume. At this point, a 20-fold
dilution was made for FAAS analysis of Al, Fe, Mn, Si, and Zn. One mL of digest solution was
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diluted with 19 mL of an acidified seawater solution containing 2:1:17 proportions of
seawater:HNO,:deionized water.

For analysis of Hg, sediment samples were digested using a modified version of EPA method
245.5. Approximately 0.1 to 1.0 g (dry weight) sample was weighed into a 50-mL
polypropylene centrifuge tube. Concentrated H,SO, (2.5 mL) and 1.5 mL of concentrated HNO3

were added and the samples heated in a water bath at 90 - 95 °C for 30 min. After cooling, 10
mL of distilled water, 10 mL of 5% (w/w) KMnO,, and 5 mL of 5% (w/w) of K,S,0g were

added to each tube, and the samples again heated in a water bath at 90 - 95 °C for 30 min.
Before analysis, 5 mL of 10% (w/w) NH,OH - HCI were added to reduce excess permanganate
and the volume brought to 40 mL with distilled water.

4. CALIBRATION AND ANALYSIS

Calibration standards were prepared by serial dilution of commercially available atomic
absorption standards using calibrated micropipettes, new snap-cap vials, a top loading balance,
and 2 N HNO;. Concentrations of working standards were verified by comparison with

independent standards traceable to National Institute of Standards and Technology (NIST)
Standard Reference Materials.

In all cases, final working standards were prepared in an acid matrix that matches that of the
samples being analyzed. For some elements, it was necessary to further attempt to match the
major ion composition of the samples. This was most apparent in graphite furnace AAS when
the peak shape of the samples was significantly different from that of the standards. For
example, the standards may have a relatively broad, Gaussian-shaped peak while the sediment
samples may have an extremely sharp peak indicative of rapid volatilization of the metal. In
this case, the standards were prepared in a solution that had Si, Al, Fe, Ca, and Mg added at
final concentrations of 3000, 400, 200, 100, and 100 ppb, respectively.

For graphite furnace atomic absorption analysis, standards were placed in positions 1 - 4 of the
autosampler tray, and samples and associated quality control samples in positions 5 - 40.
Matrix modifiers were placed in positions O and 40 if necessary. Analysis begins with position
1, thus standards were analyzed first. After the samples in positions 16, 28, and 40, the
standards were rerun before sample analysis continues. After one tray is finished, another
tray was placed on the autosampler and analysis was begun in position 5.

5. CALCULATIONS

Trace metal concentrations were calculated by comparing analytical signals of unknowns with
those of calibration standards, and then multiplying the observed concentration by the
instrumental and digestion dilution factors.

The least-squares fit of the data was calculated, treating Abs (or Abs-sec) as the dependent
variable ("y'), and concentration as the dependent variable ("x"™). If the concentration range
extends into the non-linear range, a second order fit was used. The intercept, the first and

second order coefficients (if appropriate), and R, the correlation coefficient, were calculated.

Abs = a + b (concgps)
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Abs - a
CONCops = .

5.1. Concentration

The Perkin-ElImer Z3030 used in much of this project incorporates a patented curve-fitting
routine described here. In this method, the concentration was determined as

Ki A+ Kg A2
€= Ky A -1

where C is the concentration, A is the absorbance-sec, and K;, K,, and K5 are the coefficients
determined by solution of simultaneous equations or by the method of least squares.

In our laboratory, the instrument was allowed to auto-select the appropriate equation to fit the
data. In all cases, the standard curve was computed from a blank and three standards that were
equally spaced from zero to the maximum concentration. For example, concentrations might be
0, 1, 2, and 3 ppb. If the highest standard was within 15% of the value expected from
extrapolation of the lowest standard, a 2-coefficient equation was used. If the highest standard
was not within 15% of the value expected from extrapolation of the lowest standard, a 3-
coefficient equation was used. Because of the number of standards analyzed, the 2-coefficient
equation was calculated via least squares regression and the 3-coefficient equation via solution
of simultaneous equations. The instrument had the capability to perform a "reslope" based on a
single point. However, our recalibrations always involved complete re-analysis all standards.
Comparison of observed values predicted by the Perkin-Elmer curve fitting routine with those
calculated independently by least squares showed insignificant differences that were within
rounding errors of the printout.

5.2. Dilution factor

The dilution factor, DF, resulting from sample digestion was calculated using the equation

DE = [(bomb tot.) - (bomb tare)]
~ (spl. wt.) x (soln. dens.)

where bomb tare was the tare weight of the digestion vessel (g); bomb tot. was the total
weight of the digestion vessel plus digest solution (g); spl. wt. was the weight of the dry
sample (g); and soln. dens. was the density of the digest solution (g/cm?3).

5.3. Concentration

The concentration in the original sample was calculated according to the relationship:

If conc,, < DL, final concentration £ (DL) (DF, ) (DFdign)
If conc, * DL, final concentration = (concobs) (DFjs¢) (DFgign)

where conc,,, was the concentration observed in the aqueous sample; DL was the detection

limit of the analytical technique; DF was the dilution factor of the analytical technique, if

instr
necessary; and DFg,, was the dilution factor of the sample digestion.
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6. CONCLUSIONS

Through a consistent effort to eliminate sample contamination, increase accuracy, and improve
precision, sample preparation and analysis methods evolved to a level where reliable data can
be generated even at low background levels. Critical points within the overall process include:

= a scrupulous effort to minimize contamination from laboratory dust;
< minimal reuse of materials such as bottles, sample cups, and pipette tips;

<« utilization of ultrapure reagents;
< closed digestion systems;

= meticulous attention to detail in both sample preparation and analytical stages; and
= personnel with sufficient experience to make necessary method adjustments.

Generating accurate and precise data on environmental samples requires continuous scrutiny of
instrumental operation and data quality, and is not consistent with a “production”, “just run

the method” mentality. Unless sample concentrations were “known” beforehand, such as from
previous years’ data, the best measures of data quality were certified reference materials and

performance in blind intercalibration exercises.

7. INSTRUMENTAL ANALYSIS

Table 1 provides information for which analytical method was used for each sample matrix.

Table 1. Elemental quantification techniques by matrix.

Matrix
Section Analyte Method Tissue Sediment Section Analyte
7.1 Mercury CVAA X X 7.14  Selenium
7.2 Aluminum  FAA X 7.15 Tin
7.3 Copper FAA X 7.16  Aluminum
7.4 Iron FAA X X 7.17 Chromium
7.5 Manganese FAA X 7.18 Iron
7.6 Zinc FAA X X 7.19 Manganese
7.7 Silver GFAA X X 7.20 Arsenic
7.8 Arsenic GFAA X X 7.21  Chromium
7.9 Cadmium GFAA X X 7.22 Iron
7.10 Chromium GFAA X X 7.23  Selenium
7.11  Copper GFAA X X 7.24  Silver
7.12  Nickel GFAA X X 7.25 Zinc
7.13 Lead GFAA X X

Matrix
Method Tissue Sediment

GFAA
GFAA X
INAA
INAA
INAA
INAA
INAA
INAA
INAA
INAA
INAA
INAA

>

X X X X X X

X X X X X X

CVAA - Cold vapor atomic absorption

FAA - Flame atomic absorption

GFAA - Graphite furnace atomic absorption
INAA - Instrumental neutron activation analysis
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7.1. Mercury
METHOD: Cold vapor atomic absorption

INSTRUMENTATION: Laboratory Data Control Model 1205 Spectrophotometer with 30-
cm path length gas cell.

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 254 nm

Lamp: Low pressure, hot cathode Hg lamp

Peak measurement: Peak height (absorbance)

Range: 0.2 absorbance units

Output: To strip chart recorder, 10 mV full scale

Reaction Conditions:

Sample volume: 1mL
Reductant: 10% SnCl,
Reductant volume 0.1 mL
Reaction vessel 25-mL Erlenmeyer flask
STANDARDS: 0, 0.5, 1.0, and 2.0 ppb prepared from 1000 ppm Ricca standard in

0.2 M HNO3 /7 0.1 M HCI.

APPROXIMATE SENSITIVITY: Approximately 0.160 Abs for 1 mL of 2 ng/mL solution.
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7.2. Aluminum
METHOD: Flame atomic absorption
INSTRUMENTATION: Atomic absorption spectrophotometer Perkin-ElImer 3110

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 309.3 nm

Slit width: 0.7 nm

Lamp: Al HCL, 10 mA
Background correction: Deuterium arc

Peak measurement: Peak height (absorbance)
Read mode: Peak

FLAME SETTINGS:

Fuel: Acetylene
Oxidant: Nitrous oxide
Flame: Oxidizing
Burner: Single slot, 5.5 cm, parallel
STANDARDS: 0, 10, 30, and 50 ppm prepared from 1000 ppm Ricca standard in
0.2 M HNO,.
MATRIX MODIFIERS: Samples and standards are spiked with La (prepared from LaCl;) to
a final concentration of 1000-2000 ppm La to suppress ionization
interferences.

APPROXIMATE SENSITIVITY: 50 pg/mL gives approximately 0.200 Abs.
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7.3. Copper
METHOD: Flame atomic absorption
INSTRUMENTATION: Atomic absorption spectrophotometer Perkin-ElImer 3110

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 324.7 nm

Slit width: 0.7 nm

Lamp: Cu HCL, 15 mA
Background correction: deuterium arc

Peak measurement: Peak height (absorbance)
Read mode: Peak

FLAME SETTINGS:

Fuel: Acetylene
Oxidant: Air
Flame: Oxidizing
Burner: Single slot, 10 cm, parallel
STANDARDS: 0, 1, 2.5, and 5 ppm prepared from 1000 ppm Ricca

standard in 0.2 M HNO4.

APPROXIMATE SENSITIVITY: 2 pug/mL gives approximately 0.125 Abs.
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7.4. Iron
METHOD: Flame atomic absorption

INSTRUMENTATION: Atomic absorption spectrophotometer Perkin-ElImer 3110

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 248.3 nm

Slit width: 0.2 nm

Lamp: Fe HCL, 18 mA
Background correction: Deuterium arc

Peak measurement: Peak height (absorbance)
Read mode: Peak

FLAME SETTINGS:

Fuel: Acetylene
Oxidant: Air
Flame: Oxidizing
Burner: Single slot, 10 cm, parallel
STANDARDS: 0, 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 ppm prepared from 1000 ppm

Ricca standard in 0.2 M HNO,.

APPROXIMATE SENSITIVITY: 3 pg/mL gives approximately 0.100 Abs.
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7.5. Manganese
METHOD: Flame atomic absorption
INSTRUMENTATION: Atomic absorption spectrophotometer Perkin-ElImer 3110

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 279.5 nm

Slit width: 0.2 nm

Lamp: Mn HCL, 20 mA
Background correction: Deuterium arc

Peak measurement: Peak height (absorbance)
Read mode: Peak

FLAME SETTINGS:

Fuel: Acetylene
Oxidant: Air
Flame: Oxidizing
Burner: Single slot, 10 cm, parallel
STANDARDS: 0, 0.4, 0.8, and 1.2 ppm prepared from 1000 ppm Ricca standard
in 0.2 M HNO .
APPROXIMATE SENSITIVITY: 1 pg/mL gives approximately 0.100 Abs.
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7.6. Zinc
METHOD: Flame atomic absorption
INSTRUMENTATION: Atomic absorption spectrophotometer Perkin-ElImer 3110

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 213.9 nm

Slit width: 0.7 nm

Lamp: Zn HCL, 15 mA
Background correction: Deuterium arc

Peak measurement: Peak height (absorbance)
Read mode: Peak

FLAME SETTINGS:

Fuel: Acetylene
Oxidant: Air
Flame: Oxidizing
Burner: Single slot, 10 cm, parallel
STANDARDS: 0, 0.5, 1.0, and 2.0 ppm prepared from 1000 ppm Ricca standard
in 0.2 M HNO .
APPROXIMATE SENSITIVITY: 1 pg/mL gives approximately 0.190 Abs.
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7.7. Silver

METHOD:

INSTRUMENTATION:
Spectrophotometer:
Graphite furnace:

Autosampler:
Printer:

Graphite furnace atomic absorption

Perkin-Elmer Z3030
Perkin-Elmer HGA 600
Perkin-Elmer AS 60
Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength:
Slit width:
Lamp:

Background correction:

Peak measurement:
Read delay:

Read time:

Output:

328.1 nm

0.7 nm

Ag HCL, 10 mA
Zeeman effect
Peak area

0 sec

5 sec

To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform:
Carrier gas:

FURNACE PROGRAM:

L’vov platform, pyrolytically coated
Argon (high purity)

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)
1 130 10 50 200
2 900 10 20 200
3 100 1 5 200
4 1400 0 5 (0] *
5 2500 1 4 300
AUTOSAMPLER PROGRAM:
Solution: Volume (pL):
Sample 20
Blank o
Modifier 1 10
Modifier 2 o
Number of injections: 1

Recalibrate after positions:

STANDARDS:

16, 28, and 40

0, 3, 6, and 9 ppb prepared from 1000 ppm Ricca standard in 0.2 M
HNO,.
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MATRIX MODIFIERS: (1) 2.5% ammonium phosphate in 1 M HNO5: prepared from SPEX

ammonium dihydrogen orthophosphate
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.130 A-sec for 20 pL of 3 ng/mL.
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7.8. Arsenic
METHOD: Graphite furnace atomic absorption
INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer 4100-ZL

Graphite furnace: Perkin-Elmer THGA
Autosampler: Perkin-Elmer AS 70
Printer: Okidata Microline 320

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelengths: 193.7 nm
197.0 nm (samples with high Al)
Slit width: 0.7 nm
Lamp: As EDL, 380 W
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec
Read time: 5 sec
Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)

1 120 1 30 250

2 150 5 60 250

3 800 10 20 250

4 2200 0 5 (0] *

5 2600 1 4 250

AUTOSAMPLER PROGRAM:

Solution: Volume (pL):
Sample 20
Blank 0
Modifier 1 10
Modifier 2 0
Number of injections: 1
Recalibrate after positions: 16, 28, and 40

48



STANDARDS: 0, 20, 40, and 60 ppb prepared from 1000 ppm Ricca standard in

0.2 M HNO,.

MATRIX MODIFIERS (1) 1:1:1 citric acid (2%): Pd (1000 ppm): Ni (4000 ppm)
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.100 A-sec for 20 pL of 50 ng/mL at

193.7 nm; and 0.050 A-sec at 197.0 nm.
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7.9. Cadmium
METHOD: Graphite furnace atomic absorption
INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer Z3030

Graphite furnace: Perkin-Elmer HGA 600
Autosampler: Perkin-Elmer AS 60
Printer: Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 228.8 nm

Slit width: 0.7 nm

Lamp: Cd EDL, 5W
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec

Read time: 5 sec

Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)
1 130 10 35 300
2 350 10 20 300
3 100 1 5 300
4 1300 0 5 (0] *
5 2300 1 4 300
AUTOSAMPLER PROGRAM:
Solution: Volume (pL):
Sample 10
Blank o
Modifier 1 5
Modifier 2 o
Number of injections: 1
Recalibrate after positions: 16, 28, and 40
STANDARDS: 0, 1, 2.5, and 4 ppb prepared from 1000 ppm Ricca standard in 0.2
M HNO,.
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MATRIX MODIFIERS: (1) 2% citric acid
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.110 A-sec for 10 pL of 1.4 ng/mL.
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7.10. Chromium
METHOD: Graphite furnace atomic absorption
INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer Z3030

Graphite furnace: Perkin-Elmer HGA 600
Autosampler: Perkin-Elmer AS 60
Printer: Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 357.9 nm

Slit width: 0.7 nm

Lamp: Cr HCL, 25 mA
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec

Read time: 5 sec

Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)
1 130 10 50 200
2 1000 10 20 200
3 100 1 5 200
4 2400 0 5 (0] *
5 2500 1 4 300
AUTOSAMPLER PROGRAM:
Solution: Volume (pL):
Sample 15
Blank o
Modifier 1 15
Modifier 2 o
Number of injections: 1
Recalibrate after positions: 16, 28, and 40
STANDARDS: 0, 7, 14, and 21 ppb prepared from 1000 ppm Ricca standard in
0.2 M HNOg.
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MATRIX MODIFIERS: (1) Dilute NH5, prepared in quartz-distilled water by isothermal

distillation
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.160 A-sec with 15 pL of 7 ng/mL.
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7.11. Copper
METHOD: Graphite furnace atomic absorption
INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer Z3030

Graphite furnace: Perkin-Elmer HGA 600
Autosampler: Perkin-Elmer AS 60
Printer: Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 324.8 nm

Slit width: 0.7 nm

Lamp: Cu HCL, 15 mA
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec

Read time: 5 sec

Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)

1 110 10 35 200

2 500 10 20 200

3 100 1 5 200

4 1600 0 5 (0] *

5 2500 1 4 300

AUTOSAMPLER PROGRAM:

Solution: Volume (pL):
Sample 10
Blank o
Modifier 1 5
Modifier 2 o
Number of injections: 1
Recalibrate after positions: 16, 28, and 40
STANDARDS: 0, 20, 40, and 60 ppb prepared from 1000 ppm Ricca standard in
0.2 M HNO4

54



MATRIX MODIFIERS: (1) Citric acid (2%)
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.100 A-sec for 10 pL of 20 ng/mL.
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7.12. Nickel
METHOD: Graphite furnace atomic absorption
INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer Z3030

Graphite furnace: Perkin-Elmer HGA 600
Autosampler: Perkin-Elmer AS 60
Printer: Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 232 nm

Slit width: 0.2 nm

Lamp: Ni HCL, 25 mA
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec

Read time: 5 sec

Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)

1 130 10 40 200

2 1000 10 20 200

3 100 1 5 200

4 2200 0 4 (0] *

5 2500 1 5 300

AUTOSAMPLER PROGRAM:

Solution: Volume (pL):
Sample 20
Blank o
Modifier 1 5
Modifier 2 o
Number of injections: 1
Recalibrate after positions: 16, 28, and 40
STANDARDS: 0, 15, 30, and 45 ppb prepared from 1000 ppm Ricca standard in
0.2 M HNOg.
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MATRIX MODIFIERS: (1) 2:2:1 Pd (1000 ppm) : La (1000 ppm) : MgNO5 (2%)
(2) none

APPROXIMATE SENSITIVITY:  Approximately 0.150 A-sec for 20 pL of 30 ng/mL.
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7.13. Lead
METHOD: Graphite furnace atomic absorption
INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer Z3030

Graphite furnace: Perkin-Elmer HGA 600
Autosampler: Perkin-Elmer AS 60
Printer: Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 283.3 nm

Slit width: 0.7 nm

Lamp: Pb EDL, 10 W
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec

Read time: 5 sec

Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)

1 130 10 45 200

2 800 10 15 200

3 100 1 5 200

4 1800 0 5 (0] *

5 2500 1 5 300

AUTOSAMPLER PROGRAM:

Solution: Volume (pL):
Sample 20
Blank o
Modifier 1 10
Modifier 2 o
Number of injections: 1
Recalibrate after positions: 16, 28, and 40
STANDARDS: 0, 10, 20, and 30 ppb prepared from 1000 ppm Ricca standard in
0.2 M HNOg.
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MATRIX MODIFIERS: (1) 1:1 ammonium phosphate (4%, prepared from ammonium
dihydrogen orthophosphate) and citric acid (2%)
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.160 A-sec for 20 pL of 30 ng/mL.
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7.14. Selenium
METHOD: Graphite furnace atomic absorption
INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer Z3030

Graphite furnace: Perkin-Elmer HGA 600
Autosampler: Perkin-Elmer AS 60
Printer: Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 196.0 nm

Slit width: 0.7 nm

Lamp: Se EDL, 6 W
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec

Read time: 5 sec

Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)

1 130 10 50 200

2 900 10 15 200

3 100 1 5 200

4 2300 0 5 (0] *

5 2500 1 4 300

AUTOSAMPLER PROGRAM:

Solution: Volume (pL):
Sample 20
Blank o
Modifier 1 10
Modifier 2 o
Number of injections: 1
Recalibrate after positions: 16, 28, and 40
STANDARDS: 0, 25, 50, and 75 ppb prepared from 1000 ppm Ricca standard in
0.2 M HNOg.
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MATRIX MODIFIERS: (1) 5:3:1 Pd (1000 ppm) : Ni (4000 ppm) : hydroxylamine
hydrochloride (2%)
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.140 A-sec for 20 pyL of 50 ng/mL.
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7.15. Tin
METHOD: Graphite furnace atomic absorption

INSTRUMENTATION:

Spectrophotometer: Perkin-Elmer Z3030
Graphite furnace: Perkin-Elmer HGA 600
Autosampler: Perkin-Elmer AS 60
Printer: Okidata Microline 184

ATOMIC ABSORPTION SPECTROPHOTOMETER SETTINGS:

Wavelength: 286.3 nm

Slit width: 0.7 nm

Lamp: Sn EDL, 8 W
Background correction: Zeeman effect
Peak measurement: Peak area
Read delay: 0 sec

Read time: 5 sec

Output: To printer

GRAPHITE FURNACE SETTINGS:

Tube/platform: L’vov platform, pyrolytically coated
Carrier gas: Argon (high purity)

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas Read Step
Ramp Hold Flow (mL/min)

1 130 10 50 200

2 800 10 10 200

3 100 1 5 200

4 2100 0 5 (0] *

5 2300 1 4 300

AUTOSAMPLER PROGRAM:

Solution: Volume (pL):
Sample 20
Blank o
Modifier 1 10
Modifier 2 o
Number of injections: 1
Recalibrate after positions: 16, 28, and 40
STANDARDS: 0, 10, 25, and 50 ppb prepared from 1000 ppm Ricca standard in
0.2 M HCI.
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MATRIX MODIFIERS: (1) 1:1 magnesium nitrate (0.2%) and ammonium phosphate (4%,
prepared from ammonium dihydrogen orthophosphate)
(2) none

APPROXIMATE SENSITIVITY: Approximately 0.200 A-sec for 20 pyL of 50 ng/mL.
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7.16. Aluminum

METHOD:

INSTRUMENTATION:

TRIGA 1 MW reactor

Instrumental neutron activation analysis for Al in sediments

Ortec high-resolution germanium detector

Nuclear Data Genie MCA
IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:
Length of irradiation:
Cooling period:

Peak measurement:

COUNTING CONDITIONS:
Counting position:
g-ray peak energy:

Count time:

STANDARDS:

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

Pneumatics

1 x 1013 neutrons/cm2/sec

30 sec

15 min

Net peak area using Nuclear Data peak program

2-10 cm
1779 KeV
300 sec

0.01 g prepared from 1000 ppm Ricca standard.

0.1 g of: TAMU HS2”" , USGS GXR-5, NIST SRM 1646, NRC
BCSS-1, NRC MESS-2.

Approximately 0.1 g weighed to nearest 0.0001 g into 0.4-
dram polyethylene vials.

Depends upon background; 100 pg results in approximately
1000 counts with associated counting error of 10%; with
typical background and 0.1 g sample size, this corresponds
to 0.1% Al.

* TAMU HS2 is a "house" reference sediment standard collected using a box corer in the Mississippi river delta. The sediment
was washed several times in distilled water to remove dissolved salts, freeze dried, ground with a mortar and pestle, and

homogenized.
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7.17. Chromium

METHOD: Instrumenta

INSTRUMENTATION:

TRIGA 1 MW reactor

| neutron activation analysis for Cr in sediments

Ortec high-resolution germanium detector

Nuclear Data Genie MCA
IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:
Length of irradiation:
Cooling period:

Peak measurement:

COUNTING CONDITIONS:
Counting position:
g-ray peak energy:

Count time:

STANDARDS:

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

Rotisserie

1 x 1013 neutrons/cm2/sec

14 hr

10 days

Net peak area using Nuclear Data peak program

10 cm
320.1 KeV
60 min

1000 pg prepared from 1000 ppm Ricca standard.
0.5 g of: TAMU HS2, USGS GXR-5, NIST SRM 1646, NRC
BCSS-1, NRC MESS-2.

Approximately 0.5 g weighed to nearest 0.0001 g into 0.4-
dram polyethylene vials.

Depends upon background; 1 pg results in approximately
1000 counts with associated counting error of 15%; with
typical background and 0.5 g sample size, this corresponds
to 2 ppm Cr.
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7.18. Iron

METHOD: Instrumental neutron activation analysis for Fe in sediments

INSTRUMENTATION:

TRIGA 1 MW reactor

Ortec high-resolution germanium detector

Nuclear Data Genie MCA
IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:
Length of irradiation:
Cooling period:

Peak measurement:

COUNTING CONDITIONS:
Counting position:
g-ray peak energy:

Count time:

STANDARDS:

10 cm

Rotisserie

1 x 1013 neutrons/cm2/sec

14 hr

10 days

Net peak area using Nuclear Data peak program

1099.2 KeV

60 min

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

0.01 g prepared from 1000 ppm Ricca standard.
0.5 g of: TAMU HS2, USGS GXR-5, NIST SRM 1646, NRC
BCSS-1, NRC MESS-2.

Approximately 0.5 g weighed to nearest 0.0001 g into 0.4-
dram polyethylene vials.

Depends upon background; 150 pg results in approximately
1000 counts with associated counting error of 10%; with
typical background and 0.5 g sample size, this corresponds
to 300 ppm Fe.
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7.19. Manganese

METHOD: Instrumental neutron activation analysis for Mn in sediments

INSTRUMENTATION:

TRIGA 1 MW reactor

Ortec high-resolution germanium detector

Nuclear Data Genie MCA
IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:
Length of irradiation:
Cooling period:

Peak measurement:

COUNTING CONDITIONS:
Counting position:
g-ray peak energy:

Count time:

STANDARDS:

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

Pneumatics

1 x 1013 neutrons/cm2/sec

30 sec

15 min

Net peak area using Nuclear Data peak program

2-10 cm
846.8 KeV
300 sec

1000 pg prepared from 1000 ppm Ricca standard.
0.1 g of TAMU HS2, USGS GXR-5, NIST SRM 1646, NRC
BCSS-1, NRC MESS-2.

Approximately 0.1 g weighed to nearest 0.0001 g into 0.4-
dram polyethylene vials.

Depends upon background: 1 pg results in approximately
1000 counts with associated counting error of 10%; with
typical background and 0.1 g sample size, this corresponds
to 10 ppm Mn.
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7.20. Arsenic

METHOD: Instrumental neutron activation analysis for As in tissues

INSTRUMENTATION:

TRIGA 1 MW reactor

Ortec high-resolution, high-purity germanium detector
Nuclear Data Genie MCA implemented on Digital VAX workstation

IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:
Length of irradiation:
Cooling period:

Peak measurement:

COUNTING CONDITIONS:

Counting position:
20 cm

Gamma-ray peak energy:

Count time

STANDARDS:

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

Rotisserie

1 x 1013 neutrons/cm2/sec

14 hr

7 days

Net peak area using Nuclear Data peak program

Variable, depending upon sample activity; normally 10-

559.1 KeV
30-45 min, depending on concentration

6 pg prepared from 1000 ppm Ricca standard
0.25 g of: NRC DOLT-2; NRC DORM-2, NIST SRM
1566

Approximately 0.25 to 0.5 g tissue weighed to
nearest 0.0001 g into 0.4 dram polyethylene vial

Depends upon background; 0.85 pg, results in
approximately 1000 counts above background with
associated counting error of 10%; with typical background
and 0.25 g sample size, this corresponds to 3.4 ppm on a
dry weight basis.
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7.21. Chromium
METHOD: Instrumental neutron activation analysis for Cr in tissues
INSTRUMENTATION:

TRIGA 1 MW reactor
Ortec high-resolution, high-purity germanium detector
Nuclear Data Genie MCA implemented on Digital VAX workstation

IRRADIATION CONDITIONS:

Position: Rotisserie

Nominal neutron flux: 1 x 1013 neutrons/cm?2/sec

Length of irradiation: 14 hr

Cooling period: 10 days

Peak measurement: Net peak area using Nuclear Data peak program

COUNTING CONDITIONS.

Counting position:

Gamma-ray peak energy:

Count time:

STANDARDS:

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

1-10 cm
320.1 KeV
75 min

5 -g prepared from 1000 ppm Ricca standard
0.25 g of: NRC DOLT-2; NRC DORM-2, NIST SRM
1566a.

Approximately 0.25 to 0.5 g tissue weighed to
nearest 0.0001 g into 0.4 dram polyethylene vial

Depends upon background; 0.25 pg, results in
approximately 1000 counts above background with
associated counting error of 10%; with typical
background and 0.25 g sample size, this
corresponds to 1.0 ppm Cr on a dry weight basis.
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7.22. Iron

METHOD: Instrumental neutron activation analysis for Fe in tissues

INSTRUMENTATION:

TRIGA 1 MW reactor

Ortec high-resolution, high-purity germanium detector

Nuclear Data Genie MCA
IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:

Length of irradiation:

Cooling period:

Peak measurement:

COUNTING CONDITIONS:

Counting position:

implemented on Digital VAX workstation

Rotisserie

1 x 1013 neutrons/cm2/sec

14hr

10 days

Net peak area using Nuclear Data peak program

1-10 cm

Gamma-ray peak energy: 1099.2 KeV

Count time:

STANDARDS:

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

75 min

333 ug prepared from 1000 ppm Ricca standard
0.25 g of: NRC DOLT-2; NRC DORM-2, NIST SRM
1566a

Approximately 0.25 to 0.5 g tissue weighed to nearest
0.0001 g into dram polyethylene vial

Depends upon background; 36 pg, results in approximately
1000 counts above background with associated counting
error of 10%; with typical background and 0.25 sample
size, this corresponds to 145 ppm on a dry weight basis.
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7.23. Selenium

METHOD: Instrumental neutron activation analysis for Se in tissues

INSTRUMENTATION:

TRIGA 1 MW reactor

Ortec high-resolution, high-purity germanium detector
Nuclear Data Genie MCA implemented on Digital VAX workstation

IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:
Length of irradiation:
Cooling period:

Peak measurement:

COUNTING CONDITIONS:

Counting position:

Gamma-ray peak energy:

Count time:

STANDARDS:

Pure element standards

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

Rotisserie

1 x 1013 neutrons/cm2/sec

14 hr

10 days

Net peak area using Nuclear Data peak program

1-10 cm
264.6 KeV
75 min

6 pg prepared from 1000 ppm Ricca standard
0.25 g of: NRC DOLT-2; NRC DORM-2, NIST SRM
1566a

Approximately 0.25 to 0.5 g tissue weighed to
nearest 0.0001 g into 0.4 dram polyethylene vial

Depends upon background; 0.22 pg, results in
approximately 1000 counts above background
associated counting error of 10%; with typical
background and 0.25 g sample size, this
corresponds to 0.87 ppm on a dry weight basis.
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7.24. Silver

METHOD: Instrumental neutron activation analysis for Ag in tissues

INSTRUMENTATION:

TRIGA 1 MW reactor

Ortec high-resolution, high-purity germanium detector
Nuclear Data Genie MCA implemented on Digital VAX workstation

IRRADIATION CONDITIONS:

Position:

Nominal neutron flux:
Length of irradiation:
Cooling period:

Peak measurement:

COUNTING CONDITIONS:
Counting position:
Gamma-ray peak energy:

Count time:

STANDARDS:

Pure element standards:

Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

Rotisserie

1 x 1013 neutrons/cm2/sec

14 hr

10 days

Net peak area using Nuclear Data peak program

1-10 cm
657.8 KeV
75 min

5 pg prepared from 1000 ppm Ricca standard
0.25 g of: NRC DOLT-2; NRC DORM-2, NIST SRM
1566a

Approximately 0.25 to 0.5 g tissue weighed to
nearest 0.0001 g into 0.4 dram polyethylene vial

Depends upon background; 0.14 pg, results in
approximately 1000 counts above background with
associated counting error of 10%; with typical
background and 0.25 g sample size, this
corresponds to 0.55 ppm Ag on a dry weight basis.
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7.25. Zinc

METHOD: Instrumental neutron activation analysis for Zn in tissues

INSTRUMENTATION:

TRIGA 1 MW reactor

Ortec high-resolution, high-purity germanium detector
Nuclear Data Genie MCA implemented on Digital VAX workstation

IRRADIATION CONDITIONS:

Position:

Normal neutron flux:
Length of irradiation:
Cooling period:

Peak Measurement:

COUNTING CONDITIONS:

Counting position:

Gamma-ray peak energy:

Count time:

STANDARDS:

Pure element standards:
Matrix standards:

SAMPLE PREPARATION:

APPROXIMATE SENSITIVITY:

Rotisserie

1 x 1013 neutrons/cm2/sec

14 hr

10 days

Net peak area using Nuclear Data peak program

1-10 cm
1115.6 KeV
75 min

10 pg prepared from 1000 ppm Ricca standard
0.25 g of: NRC DOLT-2, NRC-DORM-2, NIST SRM
1566A

Approximately 0.25 to 0.5 g tissue weighed to
nearest 0.0001 g into 0.4 dram polyethylene vial

Depends upon background; 2.3 pg, results in
approximately 1000 counts above background with
associated counting error of 10%; with typical
background and 0.25 g sample size, this
corresponds to 9.1 ppm Zn on a dry weight basis.
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Analysis of Marine Sediment and Bivalve Tissue
by X-Ray Fluorescence, Atomic Absorption and Inductively Coupled
Plasma Mass Spectrometry

E. Crecelius, C. Apts, L. Bingler, J. Brandenberger, M. Deuth, S. Kiesser, and R. Sanders *
Battelle/Marine Sciences Laboratory
1529 West Sequim Bay Rd.
Sequim, Washington

ABSTRACT

Analytical chemistry techniques including atomic absorption spectrophotometry,
inductively coupled plasma mass spectrometry (ICP-MS) and energy dispersive x-ray
fluorescence (XRF) have been applied to the analysis of 17 elements in aquatic sediment
and bivalve tissue in support of the NOAA NS&T Program. Complete acid digestion of
samples at elevated pressure and temperature in a sealed Teflon container minimizes
contamination and loss of elements. Multi-elemental techniques such as ICP-MS and XRF
provide sensitive, accurate, and precise results for a variety of elements at a
reasonable cost.

1. INTRODUCTION

Methods used for analysis of 17 metals in estuarine sediments and tissues were developed as
part of the Mussel Watch Project of the National Status and Trends (NS&T) Program. The total
digestion procedure used for sediments, without loss of volatile elements, was developed by
Taylor and Presley (this volume) at Texas A&M University (TAMU). The digestion procedure
for tissues was a combination of HCl and HNO,. Metals were analyzed predominantly by

graphite furnace atomic absorption (GFAA) spectrometry and x-ray fluorescence (XRF).
Mercury was analyzed by cold vapor atomic absorption (CVAA). Selected metals were
determined by inductively-coupled plasma mass spectrometry (ICP-MS). The primary
objective in developing each instrumental method was to keep the method as simple and
straightforward as possible while producing acceptable accuracy and precision.

It is expected that users of the instrumental methods described below will modify certain
parameters to suit their particular instrumentation and equipment due to variations in
performance between instruments. Such variations are caused by differences in furnace
calibration, lamp intensities, nebulizer characteristics, and other parameters.

2. EQUIPMENT AND SUPPLIES
2.1. Instrumentation
Perkin-Elmer model Z/5000 spectrophotometer. Perkin-Elmer, Norwalk, CT.
Dual lamp EDL power supply
Model 500 graphite furnace atomizer with Zeeman background correction system

Model 3600 data terminal
Model AS40 autosampler

* KLM Analytical, 2000 Logston Blvd., Richland, WA 99352.
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Perkin-EImer model Z/3030 spectrophotometer

Dual lamp EDL power supply

Model 600 graphite furnace atomizer with Zeeman background correction system

Model AS60 autosampler
Model PRS 100 printer

Thermo-Separation Products Fully Automated Mercury Analysis System, MM3200, TSP,

Portland, OR.

KEVEX x-ray fluorescence excitation and detection subsystem, 0810Z. Fisons Instruments,

San Carlos, CA.

Canberra series 80 multichannel analyzer. Canberra Nuclear Products, Merider, CT.
Digital PDP-11/34A computer operating system

Digital RLO1 floppy disc drive
Digital RLO1 hard disc drive
Digital video terminal (model 102)
KEVEX 4620 detector bias supply
KEVEX high voltage generator
PHA/LTC model 8623 amplifier

Versatec printer/plotter. Versatec Inc., Santa Clara, CA.

Perkin-ElImer model 5000 inductively coupled plasma mass spectrometer

2.2. Supplies

Argon, 99.999% purity
Electrodeless discharge lamps (EDL)
Electron multiplier, model 4870V, Galileo

channeltron. Galileo Inc., Sturbridge,
MA.

Graphite  tubes, pyrolytically coated,
grooved, Perkin-Elmer B0121-092.

Perkin-Elmer, Norwalk, CT.

Graphite tubes, pyrolytically coated, non-
grooved, Perkin-Elmer B0135-653.
Perkin-Elmer, Norwalk, CT.

Helium

2.3. Labware

Balance, Mettler model AC100 and H3O0,
Sartorius MCI LAB LC1200 S

Bomb lids, 120-mL, Teflon perfluoralkoxy
(PFA), double-ported, 0104-4-2.
Savillex, Minnetonka, MN.

Bombs, 60-mL, Teflon perfluoralkoxy (PFA)
bomb, 561R2; 120-mL, Teflon
perfluoralkoxy (PFA), 577. Savillex,
Minnetonka, MN.

Capping station. CEM Corp., Mathews, NC.

Cups, 2-mL, polystyrene, B2713-2. Baxter,
McGaw Park, IL.
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Hollow cathode lamps (HCL)

Laboratory press, 3.2-cm diameter, 27,000
kg

Nitrogen, ultra-pure

Platforms, pyrolytically coated L'vov,
Perkin-ElImer BO121-091

Quartz torch

Sample cones, nickel

Skimmer cones, nickel

Thin  film standards. Micro Matter,

Eastsound, WA

Flask, volumetric, polyethylene, 100-mL

Freeze dryers, 6206-0101. Virtis Co.,
Gardiner, NY.
Jars, 125-mL, polystyrene, 8002. Spex

Industries, Edison, NJ.

Methacrylate balls, 3112. Spex Industries,
Edison, NJ.

Mixer/Mills, model 8000. Spex Industries,
Edison, NJ.

Oven, stainless steel, Imperial I Radiant

Heat Oven. Lab Line Inc.,
IL.
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Pipettes, macro and micro

Polyethylene tubing, 7420. Clay Adams Co.,
Parsippany, NJ.

Spatulas

Stopwatch or timer

Teflon tubing, 1-mm i.d.

Vials, 20-mL, polyethylene, threaded, with
screw caps, Kimble 66022-241

Vials, dry grinding, ceramic, 8003. Spex
Industries, Edison, NJ.

Polyethylene vials were cleaned by soaking for five days in 5% HNO;, at room temperature,

rinsed with deionized water and dried in Class 100 laminar flow hoods. All other plastic ware
was soaked for three days in 10% HNO5 at room temperature, rinsed with deionized water,

and dried as above. Teflon bombs were soaked for two days in 50% concentrated HNO.

2.4. Reagents

All reagents are ultrapure grades except where so designated.

Ammonium dihydrogen phosphate (NH,H,PO,)
[7722-76-1], Ultrex 7-9431. J. T.
Baker, Phillipsburg, NJ.

Ammonium nitrate (NH,NO3) [6484-52-2],’

Nickel nitrate [Ni(NOg), - 6H,0] [13478-00-
7], solid, Puratonic Grade. Johnson
Matthey Chemicals, West Chester, PA.

Nitric acid (HNO3) [7697-37-2], concen-

solid, reagent grade, 729-1. J. T. Baker, trated (70%), Instra-analyzed, 9598-

Phillipsburg, NJ. 33. J. T. Baker, Phillipsburg, NJ.
Ascorbic acid (CgHgOg) [50-81-7], solid,  perchloric  acid (HCIO,)  [7601-90-3],

reagent grade, 581-5. J. T. Baker, concentrated (70%), 230. G. Frederick

Phillipsburg, NJ.
Atomic absorption standards, 1000 pg/mL.
High-Purity Standards, Inc., Charleston,

Smith, Columbus, OH.
Soda lime [variable mixture of NaOH and
CaO/Ca(OH),] [8006-28-8], 4-8 mesh,

SC. ) ) used as acid fume trap in CVAA, 3448-
Hydrochloric acid (HCDH [7647-01-0], 01. J. T. Baker, Phillipsburg, NJ.
concentrated (37%), Instra-analyzed,

Stannous chloride (SnCl, - 2H,0) [10025-

69-1], 3980-01. J. T. Baker,
Phillipsburg, NJ.

9530-33. J. T. Baker, Phillipsburg, NJ.
Hydrofluoric acid (HF) [7664-39-3], Instra-

analyzed, 9563-01. J. T. Baker, . .
Phillipsburg, NJ. Sulfuric acn(j1 (H(ZQS;;; [766|4 93 9]|I cor:1
. . centrate 0), nstra-analyzed,
Magnesium — nitrate  [Mg(NOg),*  6H;0] 9673-33. J. T. Baker, Phillipsburg, NJ.
[13446-18-9], solid, Puratonic Grade. Water, deionized, 10 megohm-cm re-
Johnson Matthey  Chemicals, West sistivity.
Chester, PA.

2.5. Solvents and matrix modifiers

Ammonium phosphate: 2%, monobasic, 2 g of NH,H,PO, and 0.200 g of Mg(NO),, per liter

of deionized water.
Ammonium phosphate: 4%, monobasic, 4 g NH,H,PO, and 13 g NH,NO; diluted to 100 mL

with deionized water.
Magnesium nitrate solution: 250 mg/L of deionized water.

0.10 M Nickel nitrate: 2.91 g Ni(NO3), 6H,0 in 100 mL of deionized water.
Sulfuric acid modifier solution: Dilute 1 mL of concentrated sulfuric acid to 99 mL with
deionized water and add 10 pL of 0.1 M Ni(NO3), 6H,0.
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3. SAMPLE TREATMENT
3.1. Drying and homogenization
3.1.1. Sediments

Sediments were obtained with a grab sampler that collects the top 2 cm of surface sediment.
Sample aliquots were weighed, freeze-dried for approximately 5 days to constant weight in
125-mL polystyrene Spex jars in a freeze dryer, and reweighed to determine percent dry
weight. Approximately 3 g were ground for 5 min using a Spex ceramic ball mill. Aliquots of
0.5 g were used for X-ray fluorescence, or digested for atomic absorption or ICP-MS
analysis.

3.1.2. Tissues

Bivalves were hand-collected and shucked at the lab. Tissues were freeze-dried in Spex jars
and homogenized using methacrylate balls in a Spex mixer/mill.

3.2. Digestion

Battelle used minor modifications of the total digestion techniques for sediments developed by
Taylor and Presley (this volume). Tissues were digested with a mixture of HCl and HNO,

which has been shown to provide much better recovery of Ag than HNO5 or HNO5 and HCIO,
(Crecelius and Daskalakis, 1994; Daskalakis et al., 1997).

Two reagent blanks and three standard reference material samples were included in each
analytical string of 50 samples. Reagent blanks contained no sediment or tissue and were
processed like the samples.

3.2.1. Sediments

Approximately 200 + 7 mg of homogenized ground dried sediment was weighed into a tared
60-mL Teflon digestion bomb. One mL of 4.1 HNO;/HCIO, was added to each bomb and the

lid tightened at the capping station.

The bombs were heated in the oven at 130 + 10 °C for 4 hr and allowed to cool.

Three mL of concentrated HF were added to each bomb, rinsing the walls of the bomb to
insure that all solids were washed down into the acid mixture. The lid was tightened at the
capping station.

The bombs were heated in the oven at 130 + 10 °C for 8 hr and allowed to cool.

The bombs were opened and the digestates diluted to approximately 20 mL with deionized
water.

The solutions were weighed in the Teflon bombs and the volume calculated using a density
factor of 1.05 g/mL.

The contents of each bomb were transferred quantitatively to a 20-mL polyethylene
screw-cap vial for storage prior to analysis.

77



Digestates were analyzed directly by GFAA or CVAA. Before analysis by ICP-MS, a 10-mL
aliquot was transferred to a Teflon bomb and dried slowly, uncovered, on a hot plate (203 °C)
in a perchloric acid hood to eliminate chloride and fluoride. White fumes were indicative of
successful elimination of these elements. The dried digestate was dissolved in 1 mL of 10%
HNO, and heated again to dryness. The dried digestate was dissolved again with 1 mL of 10%

HNO5 and 9 mL of deionized water.

3.2.2. Tissues

Approximately 500 + 15 mg of homogenized, dried tissue was weighed into a tared 60-mL
Teflon digestion bomb. Five mL of HCI and 3.5 mL of HNO; were added to each bomb and the

lid screwed on but not tightened.

The bombs were placed in a cold water bath in an acid hood and the water bath was heated
slowly to 60 = 3 °C. The total heating time was 3 to 4 hr.

The bombs were allowed to cool. The lids were tightened at the capping station.
The bombs were heated in the oven at 130 + 10 °C for 16 hr and allowed to cool.

The bombs were opened and the digestates diluted to approximately 20 mL with deionized
water.

The solutions were weighed in the Teflon bombs and the volume calculated using a density
factor of 1.09 g/mL.

Digestates were analyzed directly by GFAA and CVAA, or diluted 10:1 for ICP-MS analysis.

4. CALIBRATION

Calibration standards were prepared by serial dilution of commercially available atomic
absorption standards using class-A glass pipettes, volumetric flasks, and 10% HNO5. Some
metals, such as Sb and Sn, required use of a different acid diluent. Final working standards
were prepared in 1% HNO,; or the appropriate acid diluent, using micropipettes and glass
volumetric flasks. The element concentrations in each standard should be sufficient to cover
the appropriate range of sample concentrations and produce good measurement precision and
accurately define the slope of the response curve. Concentrations of commercial standards
were verified by comparison with National Institute of Standards and Technology (NIST)
spectrophotometric standards.

5. SPECTRAL INTERFERENCES

Spectral interferences may be minimized by sample dilution, use of an alternate analyte
wavelength, or selective volatilization of the analyte. Non-spectral interferences may be
detected and compensated for using the method of standard additions. Matrix modifiers that
were used include Mg(NO3),, NH,H,PO,, Ni(NO3),, and H,SO,. Their specific use is described

in the instrumental analysis section for each element.
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6. CALCULATIONS
6.1. Graphite furnace and ICP-MS

Sample concentrations were determined from calibration results and from the dilution factors
using the following equation:

(Sp - By m S,
1000 (Spy) (DF)

Concentration (ug/g dry wt) =

where S, was the sample absorbance or intensity value, B, was the procedural blank
absorbance or intensity value, m was the slope of standard addition calibration line, S,, was
the sample volume, S, was the sample dry weight in grams, and DF was the dilution factor.

6.2. Cold vapor atomic absorption

Sample concentrations were determined from calibration results and from the dilution factors
involved in instrumental analysis and sample digestion according to the following equation:

(Sp - By m S,
1000 (Spy,) (DF)

Concentration (ug/g dry wt) =

where S, was the sample absorbance value, B, was the procedural blank absorbance value, m
was the slope of the calibration line, S,, was the sample volume, Sy, was the sample dry
weight in grams, and DF was the dilution factor.

6.3. X-ray fluorescence

This procedure used energy dispersive x-ray fluorescence spectroscopy to quantify elemental
concentrations in sediment and tissue samples (Nielson et al., 1982). The backscatter/
fundamental parameter approach using the SAP3 computer code incorporated thin film
standards and scattering rations to produce matrix corrections (Nielson and Sanders, 1982).

Thin film standards were used for the determination of intensity in count/min/ug
(element)/cm? versus element energy in KeV. Thin film standards produced by vapor deposit
of the elements on Mylar or polycarbonate substrate were purchased from Micro Matter of
Eastsound, WA. These standards were traceable to the U.S. National Institute of Standards and
Technology.

The peak analysis and elemental concentration sections of the computer program (SAP3) used
arrays of fundamental physical parameters of x-ray energies, mass adsorption coefficients,
cross sections, fluorescence yields, absorption edge, and jump ratios to perform the matrix
corrections for relating net peak intensities to element concentrations. These arrays were
read into the computer from a disc file when the program was initiated. Each excitation source
had its own unique disc file or library. Thin film sensitivities or calibration factors of the
spectrometer using the intended excitation source was also part of the library.
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7. CONCLUSIONS

A variety of analytical instruments provided the optimum method for the analysis of 17
elements in sediment and bivalve tissue. The advantage of XRF was that the sample did not
require digestion but was analyzed as a dry powder. Crustal elements such as Al, Cr, Fe, Ni,
and Si, that are difficult to dissolve from sediment, could be quantified by XRF. Also, Se and
As can be difficult to quantify in tissue digestates by ICP-MS but were quantified easier using
XRF. ICP-MS had the advantage of simultaneous analysis of many elements with detection
limits much lower than the XRF and similar to those of GFAA. Elements that were particularly
sensitive and relatively interference free by ICP-MS include Al, Cr, Ni, Ag, Cd, Sn, Sb, Pb,
and TI. Cold vapor atomic absorption is a very sensitive and reliable technique for Hg analysis.
Care must be taken to avoid leakage at high pressure or Hg can be lost during digestion. With
the use of the sealed Teflon digestion vessel, mercury could be analyzed from the same
digestion as the other metals (Al, Cr, Ni, Ag, Cd, Sn, Sb, Pb, and TI).

The advantage of freeze drying both sediment and tissue was that the dry material was easily
ground or homogenized. No Hg loss occurred during freeze drying. Sediment digestates
received special treatment to remove silicon, fluoride and perchloric acid before analysis by
ICP-MS. Analysis by GFAA requires matrix modifiers and standardization of the instrument by
method of addition to the sample matrix to provide accurate results.
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9. INSTRUMENTAL ANALYSIS

9.1. Atomic absorption spectrometry

9.1.1. Aluminum

Graphite furnace atomic absorption for tissue

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Wavelength:
Lamp:

Tube:
Carrier gas:
Slit width:

Background correction:

Signal mode:
Scale expansion:
Read time:
Output:

FURNACE PROGRAM:

Step T (°C)
Ramp

Dry 1 80 9
Dry 2 140 45
Dry 3 250 20
Char 1600 45
Atomize 2300 0
Cleanout 2650 1
Cool 20 1
STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFIER:

Graphite furnace atomic absorption

~15% 4:1 HNO4:HCIO, by volume.

309.3 nm

HCL, 25 ma (Perkin-ElImer 0303-6009)
Non-platform, pyrolytically coated

Argon
0.7
Zeeman

Peak height

None
5 sec

Recorded from spectrophotometer display

Time (sec)

Hold

g g R

25

N

3
10

Internal Gas
Flow (mL/min)

300
300
300
300

50
300
300

Addition calibration using 22.2, 43.5, and 83.3 pg/L Al to CRM
DOLT-1 tissue digestate. Method of standard addition.

Absorbance is approximately 0.100 for 0.4 pg Al standard.

Peak height versus concentration of standards used to compute the
slope, intercept, and correlation coefficient of calibration line

using linear, least-squares regression.

5 puL

5 L of 2% NH 4H,PO,,.
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9.1.2. Chromium
Graphite furnace atomic absorption for tissue
METHOD: Graphite furnace atomic absorption

DIGEST MATRIX: ~15% 4:1 HNO4:HCIO, by volume.

INSTRUMENT SETTINGS:

Wavelength: 357.9 nm

Lamp: HCL, 25 ma (Perkin-ElImer 0303-6021)
Tube: Pyro, non-platform

Carrier gas: Argon

Slit width: 0.7

Background correction: Zeeman

Signal mode: Peak height

Scale expansion: None

Read time: 5 sec

Output: Recorded from spectrophotometer display

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300

Dry 2 140 45 5 300

Dry 3 250 20 5 300

Char 1500 20 25 300

Atomize 2500 0 4 0

Cleanout 2650 1 3 300

Cool 20 1 10 300

STANDARDS: Method of standard addition calibration using 20.0, 33.3, and 66.7

pg/L Cr to CRM DOLT-1 tissue digestate.
TYPICAL SENSITIVITY: Absorbance is approximately 0.200 for 0.165 pg Cr standard.
CALIBRATION: Peak height versus concentration of standards used to compute the
slope, intercept, and correlation coefficient of calibration line
using linear, least-squares regression.

INJECTION VOLUME: 5L

MATRIX MODIFICATION: 5 uL of 250 mg/L Mg as Mg(NO3)..
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9.1.3. Nickel

Graphite furnace atomic absorption for tissues

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Graphite Furnace Atomic Absorption

~15% 4:1 HNO4:HCIO, by volume.

Wavelength: 232.0 nm

Lamp: HCL, 35 ma (Perkin-Elmer 0303-6047)

Tube: Pyro, non-platform

Carrier gas: Argon

Slit width: 0.2

Background correction: Zeeman

Signal mode: Peak height

Scale expansion: None

Read time: 5 sec

Output: To printer
FURNACE PROGRAM:
Step T (°C) Time (sec) Internal Gas

Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300
Dry 2 140 45 5 300
Dry 3 250 20 5 300
Char 1200 20 20 300
Atomize 2300 6] 4 (0]
Cleanout 2650 1 3 300
Cool 20 1 10 300
STANDARDS: Method of standard addition calibration using 24.39, 47.62, and

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFICATION:

MODIFIER VOLUME:

90.91 pg/L Ni to CRM DOLT-1 digestate.

Absorbance is approximately 0.100 for 0.6 pug Ni standard.

Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear,

least-squares regression.

5 puL

5 UL of 2% NH,4H,PO,,.

5 uL
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9.1.4. Selenium

Graphite furnace atomic absorption for sediment

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Wavelength:

Lamp:

Tube:

Carrier gas:

Slit width:

Background correction:
Signal mode:

Scale expansion:

Read time:

Output:

FURNACE PROGRAM:

Graphite Furnace Atomic Absorption

~4% 4:1 HNO ;:HCIO, + 12% HF by volume.

195.9 nm

EDL, 6 watts (Perkin-EImer 0303-6262)
L’vov, pyro coated

Argon

2.0

Zeeman

Peak height

None

5 sec

Recorded from spectrophotometer display

Step T (°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300

Dry 2 140 45 5 300

Dry 3 250 20 5 300

Char 1300 20 20 300

Atomize 2100 o 4 0

Cleanout 2650 1 3 300

Cool 20 1 10 300

STANDARDS: Method of standard addition calibration using 47.6, 90.9, and

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFICATION:

130.4 pg/L Se to CRM MESS-1 sediment digestate.

Absorbance is approximately 0.100 for 1.0 pg Se standard.

Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear,
least-squares regression.

20 pL

10 pL of 0.1 M Ni(NO3),.
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9.1.5. Silver
9.1.5.1. Graphite furnace atomic absorption for tissue
METHOD: Graphite Furnace Atomic Absorption

DIGEST MATRIX: ~15% 4:1 HNO4:HCIO, by volume.

INSTRUMENT SETTINGS:

Wavelength: 327.9 nm

Lamp: HCL, 12 ma (Perkin-ElImer 0303-6064)
Tube: L’vov, pyro coated

Carrier gas: Argon

Slit width: 0.7

Background correction: Zeeman

Signal mode: Peak height

Scale expansion: None

Read time: 4 sec

Output: To printer

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300

Dry 2 140 45 5 300

Dry 3 250 20 5 300

Char 800 20 20 300

Atomize 2100 6] 4 (0]

Cleanout 2650 1 3 300

Cool 20 1 10 300

STANDARDS: Addition calibration using 0.99, 1.96, and 4.76 pg/L Ag to CRM

DOLT-1 tissue digestate.
TYPICAL SENSITIVITY: Absorbance is approximately 0.100 for 0.03 pg Ag standard.
CALIBRATION: Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear,
least-squares regression.

INJECTION VOLUME: 10 pL

MATRIX MODIFICATION: 5 pL of 2% NH,H,PO,.
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Silver

9.1.5.2. Graphite furnace atomic absorption for sediment

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Graphite Furnace Atomic Absorption

~4% 4:1 HNO 4:HCIO, +12% HF by volume.

Wavelength: 327.9 nm

Lamp: HCL, 12 ma (Perkin-ElImer 0303-6064)

Tube: L’vov, pyro coated

Carrier gas: Argon

Slit width: 0.7

Background correction: Zeeman

Signal mode: Peak height

Scale expansion: None

Read time: 4 sec

Output: To printer
FURNACE PROGRAM:
Step T (°C) Time (sec) Internal Gas

Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300
Dry 2 140 45 5 300
Dry 3 250 20 5 300
Char 800 20 20 300
Atomize 2100 6] 4 (0]
Cleanout 2650 1 3 300
Cool 20 1 10 300
STANDARDS: Addition calibration using 2.44, 4.76, and 9.09 pg/L Ag to SRM

1646 sediment digestate.

TYPICAL SENSITIVITY: Absorbance is approximately 0.120 for 0.05 pg Ag standard.

CALIBRATION: Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear,
least-squares regression.

INJECTION VOLUME: 10 pL

MATRIX MODIFICATION: 5 pL of 2% NH,H,PO,.

86



9.1.6. Cadmium
9.1.6.1. Graphite furnace atomic absorption for tissue
METHOD: Graphite Furnace Atomic Absorption

DIGEST MATRIX: ~15% 4:1 HNO4:HCIO, by volume.

INSTRUMENT SETTINGS:

Wavelength: 228.9 nm

Lamp: EDL, 5 watts (Perkin-Elmer 0303-60216)
Tube: L’vov, pyro coated

Carrier gas: Argon

Slit width: 0.7

Background correction: Zeeman

Signal mode: Peak area

Scale expansion: None

Read time: 4 sec

Output: To printer

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300

Dry 2 140 45 5 300

Dry 3 250 20 5 300

Char 800 20 20 300

Atomize 1800 6] 4 (0]

Cleanout 2650 1 3 300

Cool 20 1 10 300

STANDARDS: Addition calibration using 0.96, 2.37, and 4.62 pg/L Cd to SRM

1566a tissue digestate.
TYPICAL SENSITIVITY: Absorbance is approximately 0.100 for 0.02 pg Cd standard.
CALIBRATION: Peak area of standard versus concentration of standard. Compute
the slope, intercept and correlation coefficient using linear, least-
squares regression.

INJECTION VOLUME: 5L

MATRIX MODIFICATION: 10 pL of 2% NH4H,PO,.
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Cadmium

9.1.6.2. Graphite furnace atomic absorption for sediment

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Wavelength: 228.8 nm

Lamp: EDL, 5 watts (Perkin-Elmer 0303-6216)

Tube: L’vov, pyro coated

Carrier gas: Argon

Slit width: 0.7

Background correction: Zeeman

Signal mode: Peak area

Scale expansion: None

Read time: 4 sec

Output: To printer
FURNACE PROGRAM:
Step T (°C) Time (sec) Internal Gas

Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300
Dry 2 140 45 5 300
Dry 3 250 20 5 300
Char 800 20 20 300
Atomize 1800 6] 4 (0]
Cleanout 2650 1 3 300
Cool 20 1 10 300
STANDARDS: Addition calibration using 0.90, 2.22, and 4.35 pg/L Cd to SRM

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

MATRIX MODIFICATION:

Graphite Furnace Atomic Absorption

~4% 4:1 HNO 4:HCIO, + 12% HF by volume.

1646 sediment digestate.

Absorbance is approximately 0.100 for 0.015 pg Cd standard.

Peak area of standard versus concentration of standard. Compute

the slope,
least-squares regression.

5 puL

10 pL of 2% NH 4H,PO,,.
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9.1.7. Mercury

Cold vapor/gold foil amalgam for tissue or sediment

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Reaction volume:
Diluent:

Carrier Gas:
Flow rate:

Scale expansion:
Integration time:
Output:

REDUCTANT:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

INJECTION VOLUME:

REDUCTANT VOLUME:

MATRIX MODIFICATION:

Cold vapor/gold foil amalgam

~25% 5:3.5 HCI and HNO3 by volume for tissues.
~4% 4:1 HNO, and HCIO, + 12% HF by volume for sediments.

0.020 -1 mL
3% HNO,

Ar

200 mL/min

Attenuation - mid-range

5 min

Peak integrated by system software

2% SnCl,, in 10% HCI

0.5, 1.25, 5, 7.5, and 12.5 pg/L made in 3% HCI using High
Purity standards.

0.001 pg/g Hg.

Instrument read-out is in peak area and input is in ng Hg, so
calibration curve is based on Hg input versus Hg output reading.
The slope, intercept, and correlation coefficient are calculated
using linear, least-squares regression.

1to5mL

2.5 mL

None
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9.1.8. Lead
Graphite furnace atomic absorption for tissue
METHOD: Graphite Furnace Atomic Absorption

DIGEST MATRIX:  ~15% 4:1 HNO4:HCIO, by volume.

INSTRUMENT SETTINGS:

Wavelength: 283.3 nm

Lamp: EDL, 5 ma (Perkin-EImer 0303-6039)
Tube: L’vov, coated

Carrier gas: Argon

Slit width: 0.7

Background correction: Zeeman

Signal mode: Peak height

Scale expansion: None

Read time: 5 sec

Output: Recorded from Spectrophotometer display

FURNACE PROGRAM:

Step T (°C) Time (sec) Internal Gas
Ramp Hold Flow (mL/min)

Dry 1 80 9 1 300

Dry 2 140 45 5 300

Dry 3 250 20 5 300

Char 800 20 20 300

Atomize 2100 0 4 0

Cleanout 2650 1 3 300

Cool 20 1 10 300

STANDARDS: Method of standard addition calibration at 9.9, 19.6, and 24.4

png/L Pb to CRM DOLT-1 tissue digestate.
TYPICAL SENSITIVITY: Absorbance is approximately 0.160 for 0.25 pg Pb standard.
CALIBRATION: Peak height of standard versus concentration of standard. Compute
the slope, intercept, and correlation coefficient using linear,
least-squares regression.

INJECTION VOLUME: 5L

MATRIX MODIFICATION: 10 pL of 2% NH4H,PO,.
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9.2. Inductively coupled plasma mass spectrometry

Silver, aluminum, chromium, cadmium, nickel, lead, antimony, and tin in sediments or tissues

METHOD:

DIGEST MATRIX:

INSTRUMENT SETTINGS:

Power:

Coolant flow:
Auxiliary flow:
Nebulizer flow:

EM voltage:
Sample uptake:
Integration method:
Integration area:
Background counts:
Dead time:

Quad slew factor:

PROCEDURE:

Element menu:

Mass range:
Number of channels:
Number of sweeps:
Dwell time:
Collector type:
Internal standards:

Skipped mass regions:

STANDARDS:

TYPICAL SENSITIVITY:

CALIBRATION:

Inductively coupled plasma mass spectrometry

1 to 10 dilution of digestate with deionized water plus 0.1 mL of 1
ppm In standard.

Instrument settings change on a daily basis as sensitivity is
optimized. This is especially true of lens settings. The following
gives general ranges on parameters that remain relatively
constant in day-to-day operation:

1250-1500 watts
13-14 L/min.
0.5-1.0 L/min.
0.85-1.0 L/min.
2000-3000 volts
0.5-1.5 mL/min.
Constant area
0.8

35

40 nsec

0.10

tissue2

25.98 to 212.05 amu

2048

100

320 psec

pulse

In

28.00 - 43.00, 63.00 - 105.00, 125.00 - 200

Appropriate calibration standards (representative of sample
concentration) are prepared from dilutions of NIST single- and/or
multi-element standards. Other reference materials (NIST or
second party single/multi-element standards) are used as check
standards. Method of standard addition can be used to produce
instrumental response curve.

Sensitivity is approximately 5 x 104 million counts per sec per
ppm for In115

Constant area integration (using 0.8 of total peak) versus

concentration of standard. Compute the slope, intercept, and
correlation coefficient using linear, least-squares regression.
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9.3. X-Ray fluorescence

Elements in sediment: Al, As, Cr, Cu, Fe, Mn, Ni, Pb, Si, and Zn.

Elements in tissue: As, Cu, Fe, Mn, Se, Si, and Zn.

METHOD: X-ray fluorescence

Sample preparation: 0.5 g dried and homogenized sediment or tissue pressed in a pellet,

2 cm in diameter.

INSTRUMENT SETTINGS:

Gain: PHA/LTC for Series 80 MCA
Secondary target: Zr

Target gain: 25 eV/channel

Resolution: 182 eV at 6.4 KeV

Timing counter: 12 pusec

Bias: -1000 V

Live time: 1500 sec

Dead time: <40%

Tungsten tube voltage: 40V

Tube current: 20 milliamps
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Extraction and Clean-Up of Sediments for Trace Organic Analysis

Y. Qian, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

Measurement of organic contaminants, such as polychlorinated biphenyls, polynuclear
aromatic hydrocarbons, and chlorinated pesticides, in soil/sediment require the
isolation of these contaminants from the matrices. An aliquot of the homogenized
sediment sample was chemically dried with sodium sulfate and extracted with
dichloromethane using a Soxhlet apparatus. The extract was concentrated and purified
using silica gel/alumina column chromatography before instrumental analysis. Quality
control samples were processed with each batch of samples in a manner identical to the
samples.

1. INTRODUCTION

Assessment of the environmental concentrations of polynuclear aromatic hydrocarbons (PAHS),
chlorinated pesticides and polychlorinated biphenyls (PCBs) requires their measurement in
sediments at trace levels (parts per billion to parts per trillion).

Ten to thirty grams of chemically-dried sediment was Soxhlet extracted with dichloromethane.
The extract was concentrated and purified using silica gel/alumina column chromatography to
remove matrix interferences.

2. SAMPLE COLLECTION, PRESERVATION AND STORAGE

2.1. Sample collection

Sediment was collected and stored in precleaned glass jars and stored frozen (-20 °C).

2.2. Sample preservation and storage

Sediment samples were shipped frozen to the laboratory and stored at -20 °C until analysis.
After subsampling, excess sample was archived at -20 °C in the dark. Extracts were stored in
the dark at or below 4 °C.

3. INTERFERENCES

Method interferences may be caused by contaminants in solvents, reagents, glassware, and
other sample processing hardware, and lead to false positives during instrumental analysis. All
materials used in this method were routinely demonstrated to be free from interferences by
processing procedural blanks identical to samples (one blank per 20 samples or each batch

whichever is more frequent).

Matrix interferences result from co-extraction of compounds other than the analytes of
interest. Elemental sulfur and naturally occurring lipids can cause interferences in the analysis
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of sediment extracts. Silica gel/alumina cleanup with activated copper was used to remove
interfering materials from the sample prior to analysis.

4. APPARATUS AND MATERIALS
4.1. Labware and apparatus

Glassware was cleaned by washing with Micro cleaning solution and rinsing with water. The
glassware was then combusted in a muffle furnace at 440 °C for at least 4 hr. Solvent rinses
of acetone followed by dichloromethane may be substituted for muffle furnace heating. After
drying and cooling, the glassware was sealed and stored in a clean environment to prevent the
accumulation of dust or other contaminants. Stored glassware was maintained capped with
combusted aluminum foil.

The following labware and equipment is needed to perform the sediment extraction and
purification procedure:

Beaker, 10-mL (for dry weight).

Glass jars, 250-mL or 500-mL glass jars, or other suitable containers

Vials, 1-mL to 7-mL glass vials with Teflon-lined caps

Glass funnels

Flat bottom flasks, 250- and 500-mL

Soxhlet extractor flasks, 40 mm i.d. and condenser

Thimbles, Alundum, medium or coarse, 44-mL round bottom

Concentrator tube, Kuderna-Danish - 25-mL, graduated. Ground glass stoppers are used to
prevent evaporation of extracts

Snyder column, Kuderna-Danish - 3-ball column

Micro reaction vessels, 2.0-mL or 1.0-mL autosampler vials with crimp cap septa

Chromatographic column, 300 mm x 10 mm i.d., with Pyrex glass wool at bottom and
Teflon stopcock

Analytical balance, capable of weighing to 0.0001 mg

Analytical balance, capable of weighing to 0.1 g

Water bath, heated to 60 - 70 °C

Teflon boiling chips, solvent extracted

Syringes, 10 or 25 pL

Disposable glass Pasteur pipettes, 1-mL

Pyrex glass wool, combusted at 400 °C for 4 hr

Nitrogen gas evaporation unit

Volumetric glassware for sample measurement or introduction of internal standards must be
calibrated.

4.2. Reagents

Water (Reagent water that contains no analytes above the method detection limit.)
Sand, combusted at 400 °C for 4 hr
Sodium sulfate (Na,SO,) [7757-82-6], granular, anhydrous, J. T. Baker, ACS Reagent

grade or equivalent combusted at 440 °C for 4 hr and stored at 120 °C prior to use,
cooled to room temperature in a dessicator

Hexane (CgH,,4) [110-54-3], pesticide quality or equivalent

Dichloromethane (CH,Cl,) [75-09-2], pesticide quality or equivalent

Pentane, Burdick and Jackson pesticide grade or equivalent, lot tested
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Alumina, Neutral 80-325 MCB chromatographic grade or equivalent Combusted at 400 °C
for 4 hr and stored at 120 °C prior to use

Silica, Grade 923, 100-200 mesh Aldrich 21,447-7 or equivalent stored at 170 °C for 24
hr prior to use

Activated copper turnings, Fisher Scientific, 6575-500, hydrochloric acid washed; water,
methanol, and dichloromethane rinsed.

Activated granular copper, J. T. Baker, analytical grade, 1720-05, 20-30 mesh,
hydrochloric acid washed, water, methanol, and dichloromethane rinsed.

Surrogate spiking solutions

Matrix spike standard

Internal standard solution

5. PROCEDURE
5.1. Sample Preparation

An aliquot of approximately 1 g of sample was weighed in a clean 10-mL beaker. After oven
drying at 63 - 56 °C for at least 24 hr, this aliquot was reweighed and returned to the oven to
further dry the samples for at least another 2 hr before the second weighing. If the difference
between the two weights of the dried aliquot is less than +0.02 g, the second reading of the
weight was used to calculate the percent solid of the sample. If the difference was greater than
+0.02 g, the oven drying and reweighing was continued until a constant weight was obtained.

A weighed aliquot of sample (10 to 30 g) was chemically dried by mixing with anhydrous
sodium sulfate (30 - 100 g). The mixture of the sample and the sodium sulfate was stirred
continuously with a clean stainless steel spatula until the dried sample was free-flowing. The
sample was transferred to an extraction thimble. The thimble was placed into the Soxhlet
holder. Three hundred mL of dichloromethane, 1 or 2 boiling chips and 2 g of copper turnings
(activated by rinsing with concentrated HCI) were added to the 500-mL flat bottom extraction
flask. The Soxhlet holder with sample thimble inside was attached to the flask and the sample in
the thimble was wetted with approximately 50 mL of CH,CI.,.

After the sediment samples in the thimble were spiked with surrogates [(and matrix spike
solution to the matrix spike (MS) and matrix spike duplicate (MSD)], the samples were
extracted in the Soxhlet apparatus on a hot sand bath for 8 hr. Recycling of the solvent in the
Soxhlet apparatus was maintained at approximately one cycle for every 4 min (i.e., 15 cycles
per hour).

A 3-balled Snyder column was attached to sample extracts in the 500-mL flat bottom flask.
The extracts were concentrated down to 10 - 15 mL on a water bath at 60 - 80 °C. If sediment
or other particulates were present in the sample extract, the extracts were filtered through a
funnel containing glass wool and sodium sulfate. The concentrated sample extract was
transferred to a 25-mL concentrator tube. The flat bottom flask was rinsed two to three times
with dichloromethane and the rinses transferred to the concentrator tube. The sample extract
was then concentrated and solvent changed to about 2 mL of hexane.

5.2. Silica/alumina column cleanup
A glass chromatographic column (30 cm x 10 mm) with a 300-mL reservoir was filled with

dichloromethane. A plug of glass wool and 1 cm of combusted sand were placed in the glass
chromatographic column. Ten grams of alumina (deactivated with 1% water) in CH,Cl, was

slurry-packed into the column and the alumina allowed to settle. Twenty grams of silica gel
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(deactivated with 5% water) in CH,Cl, was slurry-packed into the column. The silica gel was
allowed to settle. About 1 cm of combusted sand and 1 - 2 cm of activated granular copper was
then placed on top of the packed column. The CH,ClI, in the column was drained until the solvent
reached the top of the copper. Next 50 mL of pentane were added to the column and the pentane
drained to the top of the copper.

The concentrated sample extract in 2 mL of hexane was transferred to the column using a
disposable pipette. The sample was drained to the top of the copper and the eluent was collected
in a 250-mL flat bottom flask. The concentrator tube that contained the sample extract was
rinsed twice with 1 mL of 50/50 pentane/dichloromethane, and the rinses added to the column.
The solvent was drained to the copper layer and collected in the flask. Two hundred mL of
50/50 pentane/CH,Cl, was added to the column and collected in the flask at a flow rate of
approximately 1 mL/min. This fraction contained the aromatic and chlorinated hydrocarbons. A
3-balled Snyder column was attached to the 250-mL flat bottom flask and the pentane/CH,CI,

column fraction and concentrated to 1 mL in hexane on a water bath at 40 - 60 °C.

6. QUALITY CONTROL

Quality control samples were processed in a manner identical to actual samples.

A method blank was run with every 20 samples, or with every sample set, whichever was
more frequent. Blank levels were no more than three times the method detection limit (MDL). If
blank levels for any component were above three times MDL, samples analyzed in that sample
set were re-extracted and reanalyzed. If insufficient sample was available for extraction, the

data was reported and appropriately qualified.

Matrix spike/matrix spike duplicate (MS/MSD) samples were run with every 20 samples, or
with every sample set, whichever was more frequent.

Surrogate standards were spiked into every sample and quality control sample.

Sediment reference material with certified aromatic and chlorinated hydrocarbons
concentrations were analyzed with each sample batch (approximately 20 samples) to
demonstrate the method was in a state of control.

7. CONCLUSIONS

This method has proven to be reliable in quantitatively extracting most organic contaminants
from sediment samples.
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Extraction of Biological Tissues for Trace Organic Analysis

Y. Qian, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

Measurements of organic contaminants (such as polychlorinated biphenyls, polycyclic
aromatic hydrocarbons and chlorinated pesticides) in biological tissues require the
isolation of these contaminants from the matrices. An aliquot of the homogenized tissue
sample was extracted three times with dichloromethane in the presence of sodium
sulfate by maceration with a tissumizer. An aliquot of 20 mL of the extract was
quantitatively removed for Ilipid determination. The remaining extract was
concentrated by Kuderna-Danish technique. The concentrated extract was purified using
alumina/silica gel column chromatography. Quality control samples were processed
with each batch of samples in the identical manner as that of the actual samples.

1. INTRODUCTION

Assessment of the environmental levels of chlorinated hydrocarbons [pesticides and
polychlorinated biphenyls (PCBs)] requires their measurement in tissues at trace levels (parts
per billion to parts per trillion).

A tissue sample was homogenized and the sample percent moisture was determined. A
subsample (0.5 - 15 g wet weight) was extracted in the presence of sodium sulfate with
dichloromethane. Prior to concentration, the percent lipids were determined on the extract. The
concentrated extract was then purified using silica gel/alumina column chromatography. Tissue
samples require further purification by geopermeation chromatography (GPC) before
instrumental analysis for pesticides and PCBs.

2. APPARATUS AND MATERIALS
2.1. Apparatus

Balance, top loading with an accuracy of 0.001 g

Balance, Harvard trip dual pan mechanical balance or equivalent

Centrifuge, Beckman Model TJ-6 or equivalent

Electrobalance, Cahn or equivalent, with an accuracy of 0.0001 mg, set on the 250 mg - 1
Hg scale

Micropipettes, 50 pL, 100 pL

Nitrogen gas evaporation unit, prefiltered, dried N2

Tissumizer, Pro Scientific, Tek-Mar homogenizer or equivalent

Water bath, heated to 60 - 70 °C

2.2. Labware

Beakers, assorted sizes, borosilicate glass
Boiling chips, Teflon, dichloromethane rinsed
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Centrifuge bottles, 200-mL, borosilicate glass

Concentrator tubes, Kuderna-Danish, 25-mL, graduated, with ground glass stoppers

Cutting tools (scissors, scalpels, etc.), stainless steel, washed, dried and rinsed with
dichloromethane

Flasks, flat-bottomed, 500-mL capacity, borosilicate glass

Funnels, powder, 85 mm, borosilicate glass

Glass wool, borosilicate glass (combusted)

Pasteur pipettes, 1-mL, disposable, glass

Snyder columns, Kuderna-Danish, 3 ball column

Stoppers, ground glass, 24/40 and 19/22, borosilicate glass

All glassware was washed, and then solvent rinsed or combusted at 440 °C for 4 hr.
2.3. Solvents and reagents

Sodium sulfate (Na,SO,) [7757-82-6], granular, anhydrous, J. T. Baker ACS reagent
grade or equivalent, combusted at 440 °C for 4 hr and stored at 120 °C prior to use,
cooled to room temperature in a dessicator

Hexane (CgHg) Burdick and Jackson pesticide grade or equivalent (each lot tested for

purity)

Methanol (CH;0H), Burdick and Jackson pesticide grade or equivalent

Dichloromethane (CH,Cl,), Burdick and Jackson pesticide grade or equivalent (each lot
tested for purity)

Standards

Matrix spike standard solution, appropriate for pesticide/PCB analysis

Surrogate standard solution, appropriate for pesticide/PCB analysis

Water, Burdick and Jackson HPLC grade or equivalent

3. PROCEDURE

Frozen samples were thawed, either in a refrigerator overnight, or on the counter. After
defrosting, the samples were kept in the refrigerator when not needed.

Careful, thorough mixing of the thawed tissue homogenate was essential since oily or fatty
materials and water tend to migrate to the top of the sample during the freezing/thawing
process.

The top-loading balance was calibrated according to the manufacturer's instructions before
using.

Unless the client has specified the sample to be used for QC samples, the amount of the
homogenized sample was evaluated for the best selection of the QC samples. matrix
spike/matrix spike duplicate (MS/MSD) samples require three times the normal subsample
weight. Duplicates require two times the normal subsample weight.

An aliquot of 0.5 - 15 g (depending on tissue type and availability) was weighed into a 200-mL
centrifuge bottle on the top loading balance. The method blank was prepared for this extraction
procedure contained all solvents, reagents and surrogate spikes and was processed in the same
manner as the samples in the extraction batch. Analytical results for a method blank assess the
presence of contamination introduced during the extraction procedure.
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An appropriate amount of standard reference material (SRM) was prepared according to the
supplier's instructions. Matrix spike, matrix spike duplicate and duplicate samples were
prepared by weighing sub-aliquot of the tissue sample from the same sample. A laboratory
spike sample (LBS) was prepared by spiking a known volume of a certified spiking standard
solution into a centrifuge bottle. One hundred mL of dichloromethane was added to each
centrifuge bottle containing these samples.

Appropriate amounts of pesticide/PCB surrogate(s) and pesticide/PCB spike solution(s) were
added directly to every sample, blank, SRM or labeled compound spiking solution (LCSS),
matrix spike, matrix spike duplicate, and/or duplicate. The MS/MSD and LBS samples were
processed with each sample batch to determine if the matrix affects analytes recoveries.

Approximately 20 - 50 g of anhydrous sodium sulfate was added to each sample, depending on
the amount of sample used and upon the moisture content of the samples. In general, for small
sample weights (<5 g), 20 - 30 g of sodium sulfate was added. For larger sample weights (5 -
15 g), 50 g of sodium sulfate was added. Similar amounts of sodium sulfate were added to the
method blank.

Tissumizer probes were cleaned with micro-soap and rinsed with tap water. Before using, the
probes were rinsed with water, methanol and dichloromethane in that order. The tissue samples
and QC samples were macerated for 3 min with the tissumizer.

The sample extract was decanted and filtered through sodium sulfate/glass wool funnel. To
filter the samples, the stem of an 85 mm glass powder funnel was lightly packed with glass
wool. Approximately 10 g of sodium sulfate was added to the funnel. The funnel was placed on a
labeled 500-mL flask and the sodium sulfate was pre-wetted with dichloromethane.

The extraction was repeated two more times with 100-mL aliquots of dichloromethane, and the
extracts combined. The sample bottles were rinsed 3 times with small amounts of
dichloromethane after the third extraction step and the rinses poured through the filter into the
500-mL flask.

The total extract volume was marked on the 500-mL flask with a permanent marker. An aliquot
of 20 mL was removed to determine the lipid content.

A few clean boiling chips were added to the 500-mL flat bottom flask and a 3-ball Snyder
column was attached to the flask. The apparatus was placed in a hot water bath (60 - 70 °C)
and the sample was concentrated to about 10 mL.

The apparatus was removed from the water bath and the Snyder column was rinsed with a few
milliliters of dichloromethane into the 500-mL flask. The concentrated extract was
quantitatively transferred to a 25-mL concentrator tube. The 500-mL flat bottom flask was
rinsed at least twice with dichloromethane. The total volume of the extract was determined by
filling the empty 500-mL flasks to the marker with tap water and volume of the water
measured with a 500-mL graduate cylinder.

The sample extract volume in the concentrate tube was further reduced to approximately 2 - 3
mL in a water bath (60 - 70 °C). Then small volumes of hexane were continuously added until
the final volume in the concentrator tube was approximately 2 mL and contained only hexane
(the solution stopped boiling).
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4. ALUMINA/SILICA GEL CHROMATOGRAPHY

The concentrated extracts in 2 mL of hexane were purified with alumina/silica column
chromatography. The glass columns (30 cm x 1.1 cm i.d.) with 250-mL reservoir and Teflon
stopcock were washed with detergent and rinsed with tap water.

After setting up the columns on the column rack located in a hood, the columns were rinsed
three times with approximately 5 mL methanol followed by three rinses of approximately
5 mL of dichloromethane. The solvent completely covers the inside wall of the column.

A plug of combusted glass wool was inserted into the bottom of the column with a clean glass
rod. The column was filled with approximately 30 mL of dichloromethane. About 2 cm of
combusted sand was added to the column. Deactivation of absorbent was carried out by adding
appropriate amount of water to the activated alumina and/or silica gel and then shaking for at
least 1 hr to thoroughly homogenize the absorbent with water. Ten grams of alumina
deactivated with 1% water was poured into the column while the column was gently tapped.
Twenty grams of silica gel deactivated with 5% water was then slurry packed into each column
on top of the alumina. Approximately 2 cm of anhydrous sodium sulfate was added into the
column on top of the silica gel. The solvent was drained to the top of sodium. The solvent in the
column was changed to pentane by adding about 50 mL of pentane into the column and draining
the pentane to the surface of the sodium sulfate.

The concentrated sample extract was transferred onto the column using a disposable Pasteur
pipette. The solvent was drained to the top of the sodium sulfate and the eluent was collected in
a clean flask. The concentrator tube that contained the sample extract was rinsed with 1 mL of
pentane/dichloromethane (50/50) twice and the rinses transferred to the column. The solvent
was drained and collected in the flask. Approximately 200 mL of pentane/dichloromethane
(50/50) was then added to the column. The sample was collected in the flask at a flow rate of
about 2 mL/min.

After all the solvent passed through the column and was collected in the flask, boiling chips
were added to each flask and a 3-ball Snyder column was attached to the flask. The samples
were then concentrated on a hot water bath (60 - 70°C) to approximately 10 mL. The
concentrated extract was transferred to a concentration tube and the sample further
concentrated to about 0.5 mL.

The concentrated sample was transferred into a tear-shaped (tapered bottom) autosampler
vial. The concentration tube was rinsed with small amounts of dichloromethane twice and the
rinses were transferred into the vial. The final volume in the autosampler vial was less than 1
mL. If more than 1 mL was in the vial, the sample in the vial was concentrated to about 1 mL
using a gentle stream of N,. The sample extract was then ready for further purification using
gel permeation chromatography.

5. QUALITY CONTROL

All quality control samples were processed in a manner identical to actual samples. Quality
control samples included a method blank, a standard reference material, a matrix spike, and a
matrix spike duplicate with every sample set.

6. CONCLUSIONS

This method provides quantitative extraction of most organic contaminants from tissue

samples, including those with high lipid contents.
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Procedures for the Extraction of Tissues and Purification of Extracts for
Analysis of Polychlorinated Dibenzo- p-dioxins and Polychlorinated
Dibenzofurans

P. Gardinali, L. Chambers, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

Dioxin and furans are compounds of environmental concern because of their high
toxicity at low concentrations. Measurements of these contaminants are made at low
parts per trillion concentration levels. This requires extensive sample clean-up
followed by analysis by high resolution gas chromatography-high resolution mass
spectrometry (HRGC-HRMS).

1. PURPOSE

This procedure describes the protocols for the extraction of biological tissue samples and
purification of the extracts for the measurement of polychlorinated dibenzo-p-dioxins (PCDDs)
and dibenzofurans (PCDFs).

This procedure uses matrix-specific extraction and analyte-specific purification steps to allow
the determination of the 2,3,7,8-substituted PCDD and PCDF isomers using high resolution gas
chromatography/high resolution mass spectrometry. The method provides selective cleanup
procedures to aid in the elimination of interfering contaminants. The method is outlined in
Figure 1.

Samples were spiked with labeled compound spiking solution (LCSS) containing specified
amounts of isotopically 13C12—Iabeled 2,3,7,8-substituted PCDDs and PCDFs, and homogenized

in a 200-mL centrifuge tube. Tissue samples were dried with 50 g of sodium sulfate (Na,SO,)

and extracted by maceration with a tissumizer three times in 100-mL aliquots of
dichloromethane (CH,Cl,). After extraction, the samples were spiked with a cleanup recovery

standard (CRS), 37CI4—2,3,7,8-TCDD, to monitor losses through the extract purification steps.

An aliquot for percent lipid determination was then removed. The extract was dried with
sodium sulfate, concentrated and subjected to a bulk purification involving a silica gel/sulfuric
acid slurry. The extract was then processed through three column chromatographic procedures
to remove co-extracted matrix interferences: a mixed bed silica gel column, a basic alumina
column, and an activated charcoal column. All concentration steps were performed using
tetradecane. Due to the high boiling point of tetradecane compared to other solvents, there was
less chances of analyte losses due to volatilization when using this solvent. The final
concentration step reduces the extract to approximately 10 pL tetradecane. An internal
standard solution (ISS) containing selected 13C12-Iabeled PCDD was added to all final extracts

before analysis bringing the final volume of the extract to 20 pL of tetradecane.

The sample extracts were then ready for identification and determination of the 2,3,7,8-
substituted PCDDs and PCDF isomers.
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Sample

Percent moisture Homogenization

determination Add 20 pL of LCSS in 1 mL of acetone
Add 5 pL of PAR in 1 mL of acetone*

Extraction

Add 5 pL pf PAR in 1 mL of actone*

Acid silica slurry

Percent lipid
determination

Mixed bed silica column

Basic alumina column

AX-21 / silica column

Concentrate final eluent to 20 pL C14

Add 10 pL of ISS

Concentrate again to ~20 pL C14

HRGC/HRMS analysis

* Precision and recovery spiking solution should be added to MS, MSD, LBS and OPR samples only.

Figure 1. Flow chart for sample processing
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Interferences in the matrix, solvents, reagents, glassware and other sample processing
hardware may vyield discrete artifacts and/or other elevated baselines that cause
misinterpretation of chromatographic data. All materials used during the cleanup procedure
were demonstrated to be free from interferences by analyzing laboratory method blanks at a
frequency of one blank per 20 samples or one with each batch if the number of samples is less
than 20.

The minimum level (ML) for each analyte was defined as the level at which the entire system
must give a recognizable signal and acceptable calibration point. It was equivalent to the
concentration of the lowest calibration standard, assuming that all method specific sample
weights, volumes, and procedures were employed. The MLs vary with degree of chlorination.
Based on 10 g (dry weight) of tissue extracted, the MLs are listed below (refer to EPA method
1613) .

Chlorination (Number of CI) Concentration (ML)
Tetras (4) 1.0 pg/g
Pentas (5) 5.0 pg/g
Hexas (6) 5.0 pg/g
Heptas (7) 5.0 pg/g
Octas (8) 10.0 pg/g

Minimum Levels were reported for all analytes in all samples.

2. QUALITY CONTROL REQUIREMENTS
2.1. Method blank

A method blank was used to demonstrate that the analytical method was free of contaminating
interferences. The blank was analyzed by executing all of the specified extraction and
purification steps except for the introduction of a sample. The blank was spiked with the labeled
compound spiking solution, the clean-up recovery standard, and the internal standard solution
(ISS) at the appropriate stages of the preparation. A blank was analyzed with each set of 20 or
fewer samples.

2.2. Laboratory blank spike

A laboratory blank spike (LBS) was used to demonstrate analytical precision of the method. It
was prepared by executing all of the specified extraction and extraction purification steps
except for the introduction of a sample. The LBS was spiked with the precision and recovery
spiking solution (PAR), the labeled compound spiking solution (LCSS), the clean-up recovery
standard (CRS) and the internal standard solution (ISS) at the appropriate stages of the
preparation. A LBS was analyzed with each set of 20 or fewer sample.

2.3. Ongoing precision and recovery
An ongoing precision and recovery (OPR) sample was used to demonstrate analytical precision
in the presence of a clean matrix. An OPR was prepared by executing all of the specified

extraction and extract purification steps, using 5 mL of corn oil spiked with the PAR, LCSS,
CRS, and ISS solutions at the appropriate stage of preparation.
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2.4. Matrix spike

A matrix spike (MS) was used to demonstrate analytical precision in the presence of a
representative matrix. A MS was prepared by executing all of the specified extraction and
purification steps on a selected sample. The MS was spiked with the Precision and Recovery
spiking solution (PAR), the LCSS, CRS, and ISS solutions at the appropriate stages of the
preparation. The MS was analyzed with each set of 20 or fewer samples. A matrix spike
duplicate (MSD) was also analyzed with each set of 20 or fewer samples if required.

2.5. Duplicate

A sample duplicate (DUP) was used to demonstrate matrix homogeneity and analytical precision
in the presence of a representative matrix. A duplicate was prepared by executing all of the
specified extraction and purification steps on replicate portions of a selected sample. The DUP
was spiked with the LCSS, CRS and ISS solutions at the appropriate stages of the preparation.
A duplicate was analyzed with each set of 20 or fewer samples.

2.6. Reference materials

NIST SRM 1944 (for sediment) and NRC CARP-1 (for tissues) were used to demonstrate
analytical accuracy on a certified reference matrix from an independent source. All of the
specified extraction and purification steps were performed on the RM. The RM was spiked with
the LCSS, CRS and ISS solutions at the appropriate stages of the preparation. An RM was
analyzed with each set of 20 or fewer samples. The SRM represented, as closely as possible,
the matrix being analyzed.

2.7. Labeled compound recovery

The percent recovery of the labeled compounds was used to monitor method performance on the
sample matrix. All samples were spiked with LCSS, extracted, purified and analyzed according
to this method.

3. APPARATUS AND MATERIALS
3.1. Glassware and hardware

The following laboratory glassware and hardware was needed to perform the tissue extraction
and purification procedure:

Balance: Top loading with an accuracy of 0.001 g

Chromatography columns: 30 cm x 13 mm (i.d.) with 250-mL reservoir and Teflon
stopcock

Desiccator: Stainless steel construction, no plastic components

Erlenmeyer Flask: 500-mL, with Teflon lined PVC flexible cap

Flat Bottom Flasks: 125-, 250- and 500-mL capacity

Funnels: Glass, 100 mm O.D. wide stem

Glass centrifuge tubes: 200-mL capacity

Graduated cylinders: 10-, 25-, 50-, 100- and 4000-mL capacity

Magnetic stirring plate: Nine-Place, independent stirring speeds for all vessels

Microliter syringes, Micro-pettor pipettes and Disposable micro-capillary pipettes: 1000-,
250-, 100-, 50-, 25-, 20-, 10-, 5-, 4-, 3-, 2- and 1-mL capacity

Microreaction Vessels: 1.0- and 2.0-mL capacity vials with screw cap and Teflon lined
septa
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Nitrogen blowdown apparatus: Dry heat source and filtered nitrogen stream

Pipettes, disposable, Pasteur: 150 mm x 5 mm (i.d.)

Pipettes, disposable, Serological: 10 mL x 8 mm (i.d.) for preparation of the carbon column

Rotary-evaporator trap: 100 mL

Rotary-evaporator: Buchi, model R144 or equivalent and a low temperature water
recirculator to assure an adequate recovery of the solvents being used.

Stainless steel forceps

Stainless steel knife or shears: for dissecting tissue samples

Tissumizers: Teckmar Polytron homogenizer or equivalent

Vials and Teflon lined caps: 40 mL capacity

Water bath: heated to 60 - 70 °C

No grease, oil, or any other lubricants were used on the desiccator or the rotavap junctions to
avoid contamination.

3.2. Reagents and consumable materials

1 N Sodium hydroxide (NaOH), ACS reagent grade or better from J. T. Baker, Cat. # 3728-
01 or equivalent; prepare a 1 N solution in purified water

Acetone (C3HgO): Burdick and Jackson; Cat. # 010-4; Grade: High Purity Solvent

Cyclohexane (CgHg) [110-82-7], high purity solvent, cat. 053-4. Burdick and Jackson,

Muskegon, MI.

Hexane (CgH,,) [110-54-3], capillary GC/GC-MS solvent grade, cat. GC60393-4. Burdick
and Jackson, Muskegon, MI.

Methanol (CH3;OH) [67-56-1], high purity solvent, cat. 230-4. Burdick and Jackson,

Muskegon, MI.
Dichloromethane (CCI,H,): Burdick and Jackson; Cat. # 300-4; Grade: High Purity

Purified water: HPLC Grade or better

Sulfuric acid (H,SO,), concentrated J. T. Baker; Cat. # JT9673-00 or equivalent; 95.0-
98.0%; suitable for trace metal analysis.

Tetradecane (C,4H,5): Fluca Chemical Co.; Cat. # 87140, Highest Grade Available

Toluene (C,Hg): Burdick and Jackson; Cat. # 347-4; Grade: High Purity Solvent

Prepurified nitrogen Gas: Nitrogen gas used in final evaporation is purified through an
activated carbon trap. No rubber or plastic is used in the nitrogen delivery system.

Silica gel: Desiccating 8 mesh indication

Anhydrous sodium sulfate (NaSO,): J. T. Baker; Cat. #3891-05 or equivalent; Reagent
Grade: Combusted at 400 °C for 4 hr and stored covered with aluminum foil at 130 °C

Silica gel for column chromatography: E. M. Science; Cat. #7734-5 or equivalent; Silica Gel
60, 70-230 mesh. Activated by heating for more than 16 hr at 170 °C. Stored covered
with aluminum foil at 170 °C.

Basic alumina: E. M. Science; Cat. #AX0612-3 or equivalent; Aluminum Oxide, basic,
chromatographic grade, 80-200 mesh, Alcoa Type GC-20. Combusted at 600 °C for
more than 16 hr. Stored covered with aluminum foil at 130 °C. Used within 3 days,
then reactivated or discarded after that. Recoveries of the targeted analytes were
strongly influenced by the degree of activation of the alumina. Extreme caution must be
taken to avoid use of the adsorbent after 3 days from the original activation.

Activated carbon: AX-21 Carbon (Anderson Development Co.): Wash 100 g of AX-21 carbon
powder (as received) by suspending in 300 mL methanol and subsequently vacuum
filtering through a pre-cleaned glass fiber filter fitted in a 350-mL Buchner funnel
Rinse two times with 100 mL methanol and vacuum dry. Keep the washed AX-21 carbon
at 130 °C for a minimum of 72 hr. Then store in the same oven covered with aluminum
foil at 130 °C.
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AX-21 carbon/silica gel: Combine 5 g of prepared AX-21 Carbon with 95 g of prepared
Silica Gel in a 500-mL Erlenmeyer with a Teflon lined PVC flexible screw cap (do not
put the cap into the oven). Blend by shaking until a uniform color is achieved. Activate
the mixture at 130 °C for a minimum of 24 hr and store covered with aluminum foil in
the same oven at 130 °C.

H,S0,/silica gel: Prepare by mixing 100 g of concentrated H,SO, with 150 g of activated

silica gel. Shake and roll on a roller table for a minimum 2 hr. Store in 500-mL
Erlenmeyer flask with Teflon lined PVC flexible screw cap at room temperature.

NaOH/silica gel: Prepare by mixing 33 mL of 1 N NaOH solution and 67 g of activated silica
gel. Store in 500-mL Erlenmeyer flask with Teflon-lined PVC flexible screw cap at
room temperature.

4.2. Analytical standards

Analytical standards were purchased as solutions with certificates of purity, concentration and
authenticity. The LCSS, CRS, PAR and ISS solutions were used as received from the
manufacturer without further treatment. When not being used, standards were stored in the
dark at 4 +£ 2 °C in amber glass screw-capped vials with PTFE-lined caps.

4.2.1. Labeled compound spiking solution

The LCSS contained the fifteen 13C12-Iabeled PCDD and PCDF quantitation standards in nonane at

the nominal concentrations listed in Table 1. Twenty pL of the LCSS were diluted in 1 mL of
acetone and spiked into each tissue sample prior to extraction.

4.2.2. Cleanup recovery standard

The CRS solution contained the cleanup recovery standard contained 40 pg/pL of 37CI4—

2,3,7,8-TCDD. Five pL of this solution was spiked into each sample extract immediately after
the extraction and before any cleanup procedures were initiated.

4.2.3. Precision and recovery standard
This solution contained the seventeen 2,3,7,8-substituted native PCDD and PCDF isomers at the
nominal concentrations listed on Table 2. Five pL of the precision and recovery standard (PAR)

solution were diluted in 1 mL of acetone and spiked into the selected LBS, MS and MSD prior to
extraction.
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Table 1. Composition of the labeled compound spiking solution (pg/puL of nonane).

Analyte Concentration (pg/pL)
13¢,, - 2,3,7,8-TCDD 100
13¢c,, -2,3,7,8-TCDF 100
13¢,, -1,2,3,7,8-PeCDD 100
13¢,, -1,2,3,7,8-PeCDF 100
13¢C,, -2,3,4,7,8-PeCDF 100
13¢,, -1,2,3,4,7,8-HxXCDD 100
13¢,, -1,2,3,6,7,8-HXCDD 100
13¢C,, -1,2,3,4,7,8-HXCDF 100
13¢,, -1,2,3,6,7,8-HXCDF 100
13¢,, -1,2,3,7,8,9-HXCDF 100
13¢,, -2,3,4,6,7,8-HXCDF 100
13¢,, -1,2,3,4,6,7,8-HpCDD 100
13¢,, -1,2,3,4,6,7,8-HpCDF 100
13¢,, -1,2,3,4,7,8,9-HpCDF 100
13¢,, -OCDD 200

Table 2. Composition of the precision and recovery standard solution (pg/puL of nonane).

Analyte Concentration (pg/pL)
2,3,7,8-TCDD 40
2,3,7,8-TCDF 40
1,2,3,7,8-PeCDD 200
1,2,3,7,8-PeCDF 200
2,3,4,7,8-PeCDF 200
1,2,3,4,7,8-HxCDD 200
1,2,3,6,7,8-HxCDD 200
1,2,3,7,8,9-HxCDD 200
1,2,3,4,7,8-HXCDF 200
1,2,3,6,7,8-HXCDF 200
1,2,3,7,8,9-HXCDF 200
2,3,4,6,7,8-HxCDF 200
1,2,3,4,6,7,8-HpCDD 200
1,2,3,4,6,7,8-HpCDF 200
1,2,3,4,7,8,9-HpCDF 200
OCDD 400
OCDF 400
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Table 3. Composition of the internal standard solution (pg/pL of nonane).

Analyte Concentration (pg/pL)
13¢,, -1,2,3,4-TCDD 200
13¢,, -1,2,3,7,8,9-HxCDD 200

4.2.4. Internal standard solution

The ISS contained two 3C,,-labeled PCDD isomers at the nominal concentrations listed in Table

3. Ten pL of the ISS were added to the final sample extract before HRGC/HRMS analyses to
determine the percent recoveries for the 13C12-Iabeled compounds.

4.3. Reference materials
4.3.1. CARP-1

CARP-1 is a ground whole carp reference material for organochlorine compounds which
contains nine of the seventeen target analytes with certified concentrations. This reference
material is available from the National Research Council of Canada.

4.3.2. EDF-2524

EDF-2524 is a clean, natural matrix reference material (fish) gathered in clean waters with a
history of sustaining relatively untainted fish. One analyte, 2,3,7,8-TCDF, is present at a
certified concentration. This reference material is available from Cambridge Isotope
Laboratories.

4.3.3. EDF-2525

EDF-2525 is a contaminated natural matrix reference material (fish) gathered from a polluted
Great Lakes region which contains selected target analytes at certified concentrations within
the calibration range for this method. This reference material is available from Cambridge
Isotope Laboratories.

4.3.4. EDF-2526
EDF-2526 is a fortified natural matrix reference material (fish) which contains all seventeen
target analytes at certified concentrations within the calibration range for this method. This
reference material is available from Cambridge Isotope Laboratories.
4.4. Miscellaneous materials.

Boiling chips: Teflon, solvent rinsed with methane and dichloromethane prior to use.

Glass wool: Combusted at 400 °C for at least 4 hr.

Stirring bars: Teflon coated.
Glass fiber filter paper: Gelman Type A/E or equivalent, Whatmann GF/F or equivalent
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5. EXTRACTION AND CLEANUP PROCEDURES
5.1. Sample Preparation

An aliquot of the macerated tissue to be extracted was weighed into a centrifuge tube. The
tissue sample size was 10 - 15 g (wet weight), although smaller amounts may be used
depending on the matrix and sample availability.

All glassware was rinsed with methanol, acetone, dichloromethane, toluene, and hexane prior
to use in this extraction procedure.

5.2. Extraction procedure

The tissumizer probe was washed with soap (Micro), rinsed with tap water, and then rinsed
with methanol, acetone, dichloromethane, toluene, and hexane prior to use.

The appropriate amount of tissue was weighed in a solvent-rinsed, labeled 200-mL centrifuge
bottle.

The dioxin LCSS (20 pL) was added to all the samples. The LCSS was first added to 1 mL
acetone in a test tube. This acetone solution was then quantitatively transferred to the
appropriate sample or blank. The test tube was rinsed three times with acetone, and the rinse
solutions were also transferred to the corresponding sample. The PAR standard was added to
the LCSS/acetone mixture which was used for the LBS, MS, and MSD as required. This acetone
solution was then quantitatively transferred to the appropriate sample or blank. The test tube
was rinsed three times with acetone, and the rinse solutions were also transferred to the
corresponding sample. Dichloromethane (100 mL) was added to each sample.

Combusted sodium sulfate (40 mL) was added to each sample immediately before tissumizing.
The tissue was macerated with a tissumizer for three min. A large funnel was placed on top of
a labeled 500-mL flat bottom flask. The stem was plugged with glass wool, and about 2 inches
of sodium sulfate was added. The sodium sulfate was wetted with dichloromethane. The
dichloromethane extract was decanted through the funnel into the labeled 500-mL flat bottom
flask. Another 100 mL of dichloromethane solution was added to the centrifuge bottle and the
extraction step was repeated two more times (a total of three dichloromethane extractions).

5.3. Addition of cleanup recovery standard
The CRS (5 pL) was added to each extract before proceeding to next step.
5.4. Solvent exchange to hexane.

Solvent-cleaned Teflon boiling chips were added to the remaining sample extract in the 500-mL
flask. The Teflon boiling chips were cleaned by rinsing repeatedly with methanol and
dichloromethane (6 - 7 times) and stored in a closed container before use. A three-ball Snyder
column was placed on top of the 500-mL flask. The flask was placed on a hot water bath (60 -
70 °C) and the contents of the flask reduced to about 10 mL. The flask was removed from the
water bath and allowed to cool. The Snyder column was rinsed with hexane. Hexane (120 mL)
was added from a graduated cylinder and the flask was placed back on the bath. The extract
was boiled until the top of the Snyder column became opaque, indicating that the
dichloromethane was gone. After the dichloromethane had completely boiled off, the flask was
removed from the water bath allowed to cool. The Snyder column was rinsed with hexane and
removed. The sample flask was capped with a glass stopper.

110



5.5. Sulfuric acid/silica gel slurry

The H,SO4/silica gel slurry was prepared as described in Section 3.2.1. The labeled flasks
containing the hexane sample extracts were placed on a magnetic stirring plate. A Teflon-
coated magnetic stirring bar was added to each flask. Prior to use, the magnetic stirring bars
were rinsed with solvents in the following order: methanol, acetone, dichloromethane, toluene,
and hexane. Metal forceps were rinsed with hexane and used to place the stirring bar in the
sample. The forceps were rinsed with hexane after picking up each stirring bar. The magnetic
stirring plate was turned on and set at medium, making sure the sample did not splash against
the side of the flask. A 50-mL beaker with approximately 40 g of the H2SO4/silica gel slurry
was added to each flask. The samples were stirred for a minimum of 2 hr. The samples were
filtered using a large funnel plugged with combusted glass wool containing combusted sodium
sulfate. The entire contents of the 500-mL flask were poured into the funnel and the flask
rinsed with hexane repeatedly until all the material in the original 500-mL flask was
transferred. After the liquid completely drained through the funnel, the sodium sulfate was
rinsed in the funnel three times with 5 mL of hexane. The 250-mL sample flask was capped with
a glass stopper.

5.6. Rotary evaporation

Fifty uL of tetradecane was added to each sample extract using a 50 pL micropipette. The
rotavap (Rotavapor, Buchi, Brinkman RE121) was set to 250 mbars and the hexane evaporated.
The rotavap trap was rinsed with methanol, acetone, dichloromethane, toluene, and hexane
before the sample flask was attached. The samples were rotavapped to a final volume 50 pL of
tetradecane.

5.7. Mixed bed silica columns

A 300 mm x 13 mm (i.d.) column with a 250-mL reservoir was clamped upside down and rinsed
with methanol, acetone, dichloromethane, toluene, and hexane making sure that the solvents
completely coated and rinsed the inside walls of the column.

The column was turned right-side-up and packed with the following materials added first
(bottom) to last (top):

Combusted glass wool plug

1 scoop of combusted sand (about 1 cm)
1 g activated silica gel

4 g NaOH/silica gel (see Section 3.2.1)
1 g activated silica gel

8 g H,S0,/Silica Gel acid slurry

2 g activated silica gel
1 scoop combusted sodium sulfate (about 1 cm)

A waste jar was placed under the completed column and 25 mL hexane was added as a pre-
rinse. The stopcock was open. The stopcock was closed when the level of hexane was 1 cm
above the sodium sulfate. The bottom tip of the column was rinsed with hexane. The waste jar
was replaced with a 250-mL flat bottom flask. The stopcock was opened and the sample added
to the column using a clean, combusted disposable pipette. The 250-mL flask was rinsed three
times with 2 mL hexane and the rinsate was added to the column using the same pipette for
sample transfer and rinsates. The solvent was drained to the sodium sulfate level. One hundred
and 20 mL of hexane was added to the column with the stopcock open and the hexane eluted at a
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rate of 1 to 2 drops per second. The column was covered with a piece of aluminum foil. After
the hexane had completely passed through the column, 50 pL tetradecane was added to the
collection flask. The tetradecane was evaporated using a rotavap to a final volume of 50 pL.

5.8. Basic alumina column

A 250 mm x 13 mm (i.d.) column with a 200-mL reservoir was clamped upside down and rinsed
with methanol, acetone, dichloromethane, toluene, and hexane making sure the solvents
completely coated and rinsed the inside walls of the column. The column was turned right-side-
up and packed with the following materials added first (bottom) to last (top):

Combusted glass wool

One scoop combusted sand (about 1 cm)

6 g activated alumina (see Section 3.2.1)

1 scoop combusted sodium sulfate (about 1 cm)

A waste jar was placed under the column and the column rinsed with 25 mL of hexane. The
column stopcock was open. The stopcock was closed when the level of the solvent was 1 cm
above the sodium sulfate. The bottom tip of the column was rinsed with hexane. A labeled 125-
mL flat bottom flask was placed underneath the column. With the stopcock closed, the sample
extract was added to the column using a combusted disposable pipette with a glass wool plug.
The flask was rinsed three times with 2 mL hexane and the rinsate added to the column using
the same disposable pipette for the sample and rinsate transfer. The solvent was drained to 1
cm above the surface of the sodium sulfate. Hexane (60 mL) was added to the reservoir and
drained to the sodium sulfate level and the stopcock closed. This fraction was kept until sample
analysis was completed. The waste jar was replaced with a labeled 125-mL flat bottom flask.

A solvent mix (40 mL) of hexane/dichloromethane (70:30) was added to the top of the column.

The 70:30 solvent was made by adding 300 mL dichloromethane to 700 mL hexane in a 1 liter
graduated cylinder. The 70:30 solution was transferred to a 1000-mL flat bottom flask and
mixed thoroughly before each use. The solvent mixture was used for one day and was remade
for each set of samples.

The stopcock was adjusted so the flow was one drip per second and the column was capped with
a piece of solvent rinsed aluminum foil. After the 70:30 solvent completely drained to the
sodium sulfate level, 50 pL of tetradecane was added to the 125-mL sample flask. The solution
was evaporated with a rotavap to a final volume of 50 pL tetradecane.

5.9. Charcoal column

A glass fiber filter paper was placed in a 350-mL Buchner funnel and 100 g of AX-21 carbon
powder was placed on top of the filter paper. Methanol (300 mL) was added to the carbon and
vacuum filtered. The process was repeated two more times with methanol, then vacuum was
used to dry the carbon for 10 sec. The washed carbon was placed in a oven at 130 °C for a
minimum of 72 hr before use.

Activated, room temperature silica gel (95 g) was placed in a 500-mL Erlenmeyer flask.
Washed and cooled AX-21 carbon (5 g) was added to the flask. The flask was capped with a
piece of aluminum foil and shaken by hand until a uniform black color was achieved.

Charcoal columns were made by cutting off both ends of a clean disposable serological pipette.

The pipettes were placed in a 4-L beaker and combusted for 4 hr at 440 °C.
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The column was packed with combusted glass wool approximately 4 cm from the end. The
column was placed on the rack so the glass wool plug was at the bottom. With a small funnel and
a spatula, 1 cm of activated silica gel was added to the top of the glass wool plug. One gram of
5% AX-21 carbon/silica gel was added being careful not to shake or pack the column. The open
end was plugged with combusted glass wool. The glass wool touched the charcoal but did not
compress it down.

Outline of charcoal column (Section 5.9):

Amount Materials

(TOP) Glass wool plug

10g 5% AX-21 carbon/silica gel
1lcm Activated silica gel
(BOTTOM) Glass wool plug

Twenty-two mL of 50:50 dichloromethane/cyclohexane was added to a labeled 25-mL
concentrator tube. The 50:50 solvent was made by adding equal volume of dichloromethane and
cyclohexane. The 50:50 solvent was used on the day it was prepared and the remaining solvent
was discarded. Fresh solution was prepared for each new set of samples. A waste jar was
placed under the column. The column was pre-rinsed with 5 mL of 50:50 solvent and the
solvent allowed to drain to the glass wool level. The column was turned over and rinsed with
another 5 mL of 50:50 solvent, collecting the solvent in the waste jar. The solvent was drained
to the glass wool level. The combusted disposable pipette with a glass wool plug was used to add
concentrated sample extract from the 125-mL flask (Section 6.10) to the top of the column.
The flask was rinsed with 2 mL of 50:50 solvent three times, using the same pipette for the
removal of the sample and its rinsate, and adding the rinsate to the column. After the solvent
and sample drained to the glass wool level, the remaining 50:50 solvent was added to the
column.

Twenty mL of 75:20:5 solvent mixture was added to the concentrator tubes.

The 75:20:5 solvent mixture was made by mixing 750 mL dichloromethane with 200 mL of
methanol and 50 mL of toluene in a 1000-mL graduated cylinder. This mixture was only good
for one day and was discarded after use. The 20 mL of 75:20:5 was pipetted to the charcoal
column and drained into the waste jar.

When the solvent completely drained down to the glass wool level and stopped dripping, the
column was turned over. A labeled 125-mL flat bottom flask was switched with the waste jar.
The long side (silica gel at the bottom) of the charcoal column was upward. The column was
eluted with 50 mL of toluene. After the toluene completely drained into the 125-mL flask, 20
ML tetradecane was added to the sample extract and rotovapped to a final volume of 20 pL
tetradecane.

5.10. Final evaporation

A 2-mL tear-drop vial was prepared by adding ten (10) pL of tetradecane to each vial. The
samples from the 125-mL flask were transferred to the vials using a disposable, combusted
Pasteur pipette with a glass wool plug. The vials were filled to three quarters of their volume.
New combusted disposable glass Pasteur pipettes were placed in the nitrogen blowdown
apparatus. The Teflon nitrogen hoses were inserted into the pipettes. The 2-mL tear-drop vials
containing the sample were placed on the nitrogen blowdown apparatus and the heat turned on.
The pipette was inserted into the vials, making sure the tip of the pipette did not touch the
sample. The individual controls adjusted until a slight movement of the sample surface was
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seen. As the volume of the vial was reduced, rinsate from the 125-mL flask was added to the
tear-drop vial. Each 125-mL flask was rinsed three times with about 1 mL of toluene and the
rinsate added to the tear-drop vial. The sample was reduced to a final volume of 20 pL
tetradecane. The vials were removed and placed on a vial tray, leaving the vials uncapped. Ten
pL of ISS was added to each sample using a separate disposable micropipette for each sample.
The vials were replaced on the blowdown apparatus making sure they were in the same position
as before. The sample volumes were reduced to a final volume of 20 pL of tetradecane. The
samples were capped.

6. CONCLUSIONS

This method is an adaptation of EPA regulatory methods that have proven to be reliable
extractions of dioxin and furans at trace (pg/g) concentrations.
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Extraction of Sediments for Butyltin Analysis

Y. Qian, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

Measurements of organotin compounds in soil/sediment require the isolation of these
contaminants from the matrices. An aliquot of the freeze-dried sediment sample was
extracted four times with 0.2% tropolone in dichloromethane. The extract was
concentrated by a Kuderna-Danish technique and the solvent exchanged to hexane.
Organotin compounds were hexylated with Grignard reagent and the derivatized extract
purified using silica gel/alumina column chromatography prior to instrumental analysis.
Quality control samples were processed with each batch of samples in a manner
identical to that used for the actual samples.

1. INTRODUCTION

Assessment of the environmental impact of butyltins (i.e., tetra-, tri-, di-, and mono-
butyltins) requires their measurement in sediments at trace levels (parts per billion to parts
per trillion).

Freeze-dried samples were serially extracted with 0.2% tropolone in dichloromethane. The
extract was then hexylated with a Grignard reagent (see Section 5.3). The hexylated extract
was dried and concentrated. A silica gel/alumina column cleanup step was used prior to
instrumental analysis to remove matrix interferences.

2. SAMPLE COLLECTION, PRESERVATION, AND STORAGE

Sediment samples were collected and placed in pre-cleaned mason jars. Sediment samples were
stored in the dark at or below -20 °C. Sample extracts were stored in the dark at 4 °C.

3. INTERFERENCES

Method interferences may be caused by contaminants in solvents, reagents, glassware, and
other sample processing labware that lead to false positive detections. All materials used in
this method were routinely demonstrated to be free from interferences by processing
procedural blanks using the same procedure as that used for the samples (one blank per 20
samples or each batch whichever was more frequent).

Matrix interferences result from the co-extraction of compounds other than the analytes of

interest. Previous analyses of sediments indicate that matrix interferences were generally
low.
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4. APPARATUS AND MATERIALS
4.1. Labware and apparatus

Glassware was cleaned by washing with detergent and water and rinsing with water. The
glassware was then combusted in a muffle furnace at 440 °C for at least 4 hr. Solvent rinses
of methanol to dry the glassware followed by dichloromethane may be substituted for the
muffle furnace combustion. After drying and cooling, the glassware was sealed and stored in a
clean environment to prevent the accumulation of dust or other contaminants. Stored glassware
was capped with combusted aluminum foil.

The following glassware was needed to perform the sediment extraction and purification
procedures:

Centrifuge tubes: Corex 50-mL with Teflon-lined screw caps

Chromatographic column: 300 mm x 10 mm i.d., with Pyrex glass wool at bottom and
Teflon stopcock

Concentrator tube: Kuderna-Danish - 25-mL, graduated. Ground glass stoppers are used to
prevent evaporation of extracts.

Disposable glass Pasteur pipettes: 1- and 3 mL

Drying column: 20 mm i.d. Pyrex chromatographic column with glass wool at bottom and
Teflon Stopcock, or Pyrex glass funnel

Evaporative flask: Kuderna-Danish - 250- and 500-mL flat bottom flask

Gas evaporation unit: Nitrogen

Graduated cylinder: 1 or 2 L

Micro reaction vessels: 1.0-mL or 2.0-mL autosampler vials with crimp cap septa

Snyder column: Kuderna-Danish - 3 ball column

Syringes: 10 or 25 pL

Teflon boiling chips: Solvent extracted

Vials: 1-mL to 7-mL glass vials with Teflon-lined caps

Water bath: heated to 60-70 °C

Volumetric glassware for sample measurement or introduction of internal standards was
calibrated.

4.2. Reagents

6 N HCI, 36.5-38%

Alumina oxide: Basic Brockmann 1, standard grade 150 mesh Aldrich 19, 744-3 or
equivalent. Combust 4 hr at 440 °C. Store at 120 °C prior to use.

Hexylmagnesium bromide: 0.5 M in diethyl ether

Internal standard solution

Matrix spike standard

Reagent water: Water containing no analytes above the method detection limit (i.e., HPLC
water).

Silica gel: Grade 923, 100-200 mesh Aldrich 21,447-7 or equivalent. Store at 170 °C
before use.

Sodium sulfate: (ACS) Granular, anhydrous (purified by heating at 440 °C for 4 hr in a
shallow tray, or other suitable method).

Solvents: Methanol (for rinsing), dichloromethane, hexane, pentane (pesticide quality or
equivalent).

Surrogate spiking solutions

Tropolone: Aldrich T8, 970-2, purity 98%
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5. PROCEDURE
5.1. Sample extraction

An aliquot of about 15 g of freeze dried sediment was weighed into a 50-mL Corex tube.
Appropriate amounts of surrogate standards (approximately 10 times the MDL) were added to
all samples, spikes, and blanks. Appropriate amounts of spiking standards were added to the
matrix spike/matrix spike duplicate (MS/MSD) and/or laboratory blank spike (LBS).

Approximately 30 - 40 mL of 0.2% tropolone in dichloromethane was added to the Corex tube.
The Cortex tube was then sealed with a Teflon screw cap and was shaken on a wrist action
shaker for 1 hr. The sample was centrifuged and the extract decanted into a 500-mL flat
bottom flask. Another 30 mL of 0.2% tropolone in dichloromethane was added into the Cortex
tube and the extraction was repeated three more times.

The sample extract was concentrated in a water bath. A few clean boiling chips were added to
the 500-mL flat bottom flask and a 3-ball Snyder column attached to the flask. The apparatus
was placed in a hot water bath (60 - 70 °C) and the sample concentrated to about 20 mL. The
concentrated extract was transferred to a 50-mL centrifuge tube and further concentrated to 4
- 10 mL. The solvent was exchanged to hexane by adding about 30 mL of hexane to the extract
and continuing the concentration to a final volume of about 10 - 20 mL at which point only
hexane remained.

5.2. Hexylation

Extreme care was taken when handling Grignard reagents because it can react violently with
water. The test tube that contained sample extract was purged with nitrogen and 2 mL of
hexylmagnesium bromide (2 M; Grignard reagent, see below) was added to the sample extract
container. The test tube was then sealed with a Teflon lined screw cap and placed in a 70 °C
water bath for 30 min to hexylate the sample. After cooling, the excessive Grignard reagent
was neutralized with 5 mL of 6 N HCI. The hexylated sample was shaken vigorously before the
organic phase was transferred with a pasture pipette into a 125-mL flat bottom flask. About 15
mL of pentane:CH,CI, (3/1, v/v) was added to the aqueous phase in the 50-mL centrifuge tube

and the sample shaken vigorously. The organic phase was transferred to the 125-mL flat
bottom flask. The pentane:CH,Cl, extraction was repeated one more time.

The combined hexylated extract in the 125-mL flask was dried by adding 10 - 20 g of
anhydrous Na,SO, and then concentrated to 1 - 10 mL in a water bath (60 - 70 °C). The

concentrated extract was transferred into a concentrator tube and further concentrated to
about 2 mL.

Grignard reagent was made from magnesium and bromohexane in anhydrous ether. The
apparatus used for making Grignard reagent consisted of a 1-L round bottom flask, a Y-shaped
connector, a condenser, a graduated addition cylinder (250-mL) with a stopcock, and a
desiccating tube filled with desiccant. The condenser and the graduate addition cylinder were
connected to the flask via the Y-shaped connector. The desiccating tube was placed on top of the
condenser so that water vapor could not react with the Grignard reagent being made. All the
glassware was cleaned by rinsing with methanol followed by dichloromethane. After the
glassware was dried in an oven for a few min, it was placed in a dessicator before use.

Approximately 15 g of magnesium turning (98% purity, Aldrich) was weighed into the 1-L
flask. Approximately 100 mL of anhydrous ethyl ether was added immediately to the flask to
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completely cover the magnesium turnings. The condenser and the addition cylinder were
connected to the flask via the Y-shaped connector. The apparatus was flushed with a stream of
N, for a few min to remove any water vapor. It was then sealed with a desiccating tube on top

of the condenser and by turning off the stopcock at the bottom of the addition cylinder. It was
critical to maintain a moisture-free environment inside the apparatus because the Grignard
reagent reacts violently with water. A pre-mixed solution of 150 mL of anhydrous ethyl ether
and 90 mL of bromohexane was added to the addition cylinder. The stopcock at the bottom of the
addition cylinder was then opened to let the ether/bromohexane slowly drip into the flask. The
flask was warmed on the water bath (60 - 65 °C) until the solution the flask started to boil.
The apparatus was then removed from the water bath and gently swirled. The process of
heating on the water bath and swirling of the apparatus was repeated until the solution in the
flask started to react with the magnesium turnings continuously without heating, or nearly all
of the bromohexane/ether was in the flask. When the reaction became violent, the flask was
chilled in an ice water bath. When most of the ether/bromohexane had been added to the flask,
the stopcock at the bottom of the addition cylinder was closed. The apparatus was then placed in
an ice water bath for about one hour. The Grignard reagent in the flask was then transferred
into an amber bottle. An aliquot of reagent was tested for its reactivity by testing using with
butyltin standards. Once the satisfactory reactivity of the reagent (as determined by the
recoveries of the derivatized butyltin compounds by GC-FPD) was achieved, the reagent was
used for hexylation of actual samples.

5.3. Silica gel/alumina column cleanup

Glass chromatographic columns (30 cm x 1 cm with 300-mL of reservoir) were filled with 30
mL of pentane. Approximately 10 g of silica gel was poured into the column while the column
was gently tapped to evenly distribute the silica gel. Alternatively, a slurry of silica gel in
pentane may be used to pack the column. About 10 g of alumina was then added to the top of the
silica gel. The solvent in the column was drained to the top surface of the absorbent. The
concentrated hexylated sample extract in 2 mL of hexane was transferred onto the column. The
extract container was rinsed twice with 1 mL of pentane and the rinses were added to the
column. The eluent from the column was collected in a 250-mL flat bottom flask. Another 50 mL
of pentane was added to the column and the sample was eluted at a flow rate of approximately 2
mL/min. The eluent was collected in the 250-mL flat bottom flask. The collected sample
fraction was concentrated to 0.5 to 1 mL on a water bath.

6. QUALITY CONTROL
Quality control samples were processed in a manner identical to actual samples.

A method blank was run with every 20 samples, or with every sample set, whichever was
more frequent. Analyte levels in the Blank were less than three times the method detection
limit (MDL). If blank levels for any component were above three times MDL, the whole sample
set was re-extracted and reanalyzed. If insufficient sample was available for re-extraction,
the data was reported and appropriately qualified.

Matrix spike/matrix spike duplicate (MS/MSD) samples were run with every 20 samples, or
with every sample set, whichever was more frequent. The appropriate spiking level was ten
times the MDL.

Reference materials were extracted with each set of sample and were analyzed when available.

NRC PACS-1 was a sediment reference material certified for butyltins but it is not longer
available. A replacement is currently under preparation.
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7. CONCLUSIONS
The method of extraction of dried sediment with a shaker and the complexing agent tropolone

followed by hexylation provides reliable extraction and hexylation of tributyltin as well as
other organotins.
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Extraction of Tissues for Butyltin Analysis

Y. Qian, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

Measurements of organotin compounds in biological tissues require the isolation of
these contaminants from the matrices. An aliquot of the homogenized tissue sample was
extracted three times by maceration with 0.05% tropolone in dichloromethane in the
presence of sodium sulfate. The extract was concentrated by Kuderna-Danish technique
and the solvent was exchanged to 10 mL of hexane. Organotin compounds were
hexylated with Grignard reagent and the derivatized extract was purified using silica
gel/alumina chromatography before instrumental analysis. Quality control samples
were processed with each bath of samples in a manner identical to that of the actual
samples.

1. INTRODUCTION

Assessment of the environmental impact of butyltins, i.e., tetra-, tri-, di-, and monobutyltins,
requires their measurement in tissues at trace levels (parts per billion to parts per trillion).

Tissue samples were serially extracted with 0.05% tropolone in dichloromethane using a
Tissumizer. The extracts were then hexylated with Grignard reagent (see Section 5.3). The
hexylated extract was dried and concentrated. A silica gel/alumina column cleanup step was
used before the instrumental analysis to remove matrix interferences. The extract was then
ready for analysis of butyltins.

2. SAMPLE COLLECTION, PRESERVATION AND STORAGE

Tissue samples were collected and placed in combusted glass jars and were frozen at -20 °C as
soon as possible. The samples were stored at -20 °C in the dark. Sample extracts were stored
in the dark at or below 4 °C.

3. INTERFERENCES

Method interferences may be caused by contaminants in solvents, reagent, glassware, and
other sample processing hardware that lead to false positive detections. All materials used in
this method were routinely demonstrated to be free from interferences by processing
procedural blanks in a manner identical to that used for the samples (one blank per 20 samples
or each batch, whichever was more frequent).

Matrix interferences may be caused by compounds other than the analytes of interest that
were coextracted from the sample. Biogenic materials that cause interferences in the analysis
of tissue extracts were removed prior to GC/FPD analysis by silica gel/alumina
chromatography.
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4. APPARATUS AND MATERIALS
4.1. Labware and apparatus

Glassware was cleaned by washing with detergent (micro cleaning solution) and rinsing with
water. The glassware was then combusted in a muffle furnace at 440 °C for at least 4 hr.
Solvent rinses of methanol to dry followed by dichloromethane may be substituted for the
muffle furnace heating. After drying and cooling, glassware was sealed and stored in a clean
environment to prevent the accumulation of dust or other contaminants.

The following labware was needed to perform the tissue digestion and purification procedure:

Balance: Top loading with an accuracy of 0.01 g

Boiling chips: Solvent extracted, Teflon

Chromatographic column: 300 mm x 10 mm, with Pyrex glass wool plug at bottom and
Teflon stopcock.

Concentrator tubes: Kuderna-Danish 25-mL, graduated with ground glass stoppers.

Disposable glass Pasteur pipettes: 1- and 3-mL

Electrobalance: Cahn or equivalent, with an accuracy of 0.0001 mg

Erlenmeyer flask: Various sizes

Flat bottom flasks: 125-mL and 500-mL capacity

Gas evaporation unit: Nitrogen

Glass centrifuge bottles: 500-mL capacity

Mason jars

Microliter syringes: 1000-, 500-, 100-, 50- and 10-pL capacity

Microreaction vessels: 2.0-mL or 1.0-mL autosampler vials with crimp cap septa

Pyrex glass wool: Combusted to 400 °C

Snyder column: Kuderna-Danish, 3-ball column

Stainless steel knife or shears: For dissecting animals

Test tubes: Corex 50-mL with Teflon-lined screw caps

Tissumizers: Tekmar; Polytron homogenizer, or equivalent

Vials and Teflon lined caps: 1-mL to 7-mL capacity

Water bath: Heated to 60 - 70 °C

Volumetric glassware used for sample measurement or introduction of internal standards was
calibrated.

4.2. Solvents and reagents

6N HCI

Alumina Oxide: Basic Brockmann 1, standard grade 150 mesh Aldrich 19,744-3 or
equivalent. Combust 4 hr at 440 °C. Store at 120 °C prior to use.

Hexylmagnesium bromide: 2M in diethyl ether

Internal standard solution

Magnesium turnings (98% purity, Aldrich)

Matrix spike standard

Reagent water: Water containing no analytes above the method detection limit (i.e., HPLC
water).

Silica gel: Grade 923, 100-200 mesh Aldrich 21,447-7 or equivalent. Store at 170 °C for
at least 16 hr before use.

Sodium sulfate: (ACS) Granular, anhydrous (purified by heating at 440°C for 4 hr in a
shallow tray or other suitable method).
Solvents: Dichloromethane, hexane, pentane (pesticide quality or equivalent)
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Surrogate spiking solutions
Tropolone: Aldrich T8, 970-2, purity 98%

5. PROCEDURES
5.1. Preparation of samples

The bivalves were shucked with a stainless steel knife and the tissue was removed from shell.
The tissue was macerated using a Tissumizer or Polytron blender. An aliquot of the macerated
tissue was weighed into a 200-mL centrifuge bottle (2 - 15 g wet weight).

An aliquot of 1 g of macerated tissue was removed and placed in a combusted 10-mL beaker.
This aliquot was dried at 63 - 65 °C. The difference in the weight of the wet sample and the
dried sample was used to determine the percent dry weight.

5.2. Digestion and extraction

Approximately 100 mL 0.05% tropolone in CH,CI, and 50 g anhydrous Na,SO, were added to

the weighed tissue sample (2 - 15 g) in the 200-mL centrifuge bottle. Appropriate amounts of
surrogate standards were added to each sample, and spiking standards to the matrix spike and
matrix spike duplicates. The tissue sample was then macerated for 3 min with the Tissumizer.
The extract was decanted into a 500-mL flat bottom flask (centrifuged at 2000 rpm, if
necessary) through a funnel containing sodium sulfate. The extraction was repeated two more
times with 100 mL of 0.05% tropolone in CH,Cl, each time.

After the extraction, a 3-ball Snyder column was attached to the 500-mL flat bottom flask. A
few clean boiling chips were added to sample extract. The sample extract was concentrated to
10 - 20 mL on a hot water bath (60 - 70 °C). The sample was then transferred to a 50-mL test
tube. The 500-mL flat bottom flask was rinsed with 5 - 10 mL of hexane and the rinse was
added to the test tube. The sample extract in the test tube was further concentrated on the
water bath and the solvent was exchanged to about 10 mL of hexane by adding hexane while the
dichloromethane was evaporated.

5.3. Hexylation

Extreme care was taken when handling Grignard reagents because it can react violently with
water. After the test tube that contained the sample extract in 10 mL of hexane was purged
with nitrogen, 2 mL of hexylmagnesium bromide (2 M; Grignard reagent) was slowly added into
the sample. The test tube was sealed with a Teflon-lined screw cap and shaken. The hexylation
process occurred while warming the sample in 70 °C in a hot water bath for at least 30 min. At
the end of the 30 min, the samples was taken out of the water bath and allowed to cool to room
temperature. The excess Grignard reagent was neutralized by adding 5 mL of 6 N HCI into the
sample container. The sample was shaken vigorously. The organic phase was transferred with a
pasture pipette into a 125-mL flat bottom flask. The aqueous phase was extracted twice more
with 15 mL of CH,CI,, and the CH,CIl, was transferred to the 125-mL flat bottom flask. The

sample was then dried by adding 10 - 20 g sodium sulfate to the 125-mL flask. The solution
was transferred to a concentrator tube and concentrated to about 2 mL.

Grignard reagent was made from magnesium and bromohexane in anhydrous ether. The
apparatus used for making Grignard reagent consists of a 1-L round bottom flask, a Y-shaped
connector, a condenser, a graduated addition cylinder (250-mL) with a stopcock, and a
desiccating tube filled with desiccant. The condenser and the graduate addition cylinder were
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connected to the flask via the Y-shaped connector. The desiccating tube was placed on top of the
condenser so that water vapor could not react with the Grignard reagent being made. All the
glassware was cleaned by rinsing with methanol followed by dichloromethane. After the
glassware was dried in an oven for a few minutes, it was stored in a dessicator prior to use.

Approximately 15 g of magnesium turnings was weighed into the 1-L flask. Approximately 100
mL of anhydrous ethyl ether was added immediately to the flask to completely cover the
magnesium turnings. The condenser and the addition cylinder were connected to the flask via
the Y-shaped connector. The apparatus was flushed with a stream of N, for a few minutes to

remove any water vapor. It was then sealed with a desiccating tube on top of the condenser and
by turning off the stopcock at the bottom of the addition cylinder. It was critical to maintain a
moisture-free environment inside the apparatus because the Grignard reagent reacts violently
with water. A pre-mixed solution of 150 mL of anhydrous ethyl ether and 90 mL of
bromohexane was added to the addition cylinder. The stopcock at the bottom of the addition
cylinder was then opened to let the ether/bromohexane slowly drip into the flask. The flask
was warmed on the water bath (60 - 65 °C) until the solution the flask started to boil. The
apparatus was then removed from the water bath and gently swirled. The processing of heating
on the water bath and swirling of the apparatus was repeated until the solution in the flask
started to react with the magnesium turnings continuously without heating, or nearly all of the
bromohexane/ether was in the flask. When the reaction became violent, the flask was chilled in
an ice water bath. When most of the ether/bromohexane was added to the flask, the stopcock at
the bottom of the addition cylinder was closed. The apparatus was then placed in an ice water
bath for about one hour. The Grignard reagent in the flask was then transferred into an amber
bottle. An aliquot of reagent was tested for its reactivity by reacting with butyltin standards.
Once the satisfactory reactivity of the reagent (as determined by the recoveries of the
derivatized butyltin compounds by GC-FPD) was achieved, the reagent was used for hexylation
of actual samples.

5.4. Silica gel/alumina column cleanup

Glass chromatographic columns (30 cm x 10 mm with 300-mL reservoir) were filled with
about 30 mL of pentane. Approximately 10.0 g of silica gel was added into the column. The
column was tapped gently to evenly distribute the silica gel. Alternatively, a slurry of silica
gel in pentane may be used to pack the column. Then 10 g of alumina was added into the column
on the top of the silica gel. The pentane was drained through the column until the surface of the
liquid in the column was just above the top of the alumina.

The hexylated and concentrated sample extract in 2 mL of hexane was transferred onto the
column. The sample was allowed to drain to the top of the alumina. The concentrator tube was
then rinsed twice with 1 mL pentane and the rinses were added to the column. Another 50 mL of
pentane was added to the column and the sample was eluted at a flow rate of approximately 2
mL/min. The eluent was collected in a 250-mL flat bottom flask.

The collected sample fraction was concentrated using a three-ball Snyder column and solvent

was exchanged to 0.5 to 1 mL of hexane on the hot water bath (60 - 70 °C). The samples are
then ready for the butyltin instrumental analyses.

6. QUALITY CONTROL

Quality control samples were processed in a manner identical to actual samples.
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A method blank was run with every 20 samples, or with every sample set, whichever was
more frequent. The analyte levels in the Blank was required to be less than three times the
method detection limit (MDL). If blank levels for any component were above three times the
MDL, samples analyzed in that sample set were re-extracted and reanalyzed. If insufficient
sample was available for re-extraction, the data was reported and appropriately qualified.

Matrix spike/matrix spike duplicate (MS/MSD) samples were run with every 20 samples, or
with every sample set, whichever was more frequent. The appropriate spiking level was ten

times the MDL.

Reference materials were extracted and analyzed when available.

7. CONCLUSIONS
This tissue extraction was adapted from the standard NS&T organic tissue extraction technique

with the addition of the complexing agent tropolone. The method provides reliable extraction
and hexylation of tributyltin as well as other organotins.
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Purification of Biological Tissue Samples by Gel Permeation Chromatography
for Organic Analyses

Y. Qian, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

Gel permeation chromatography is an extract purification step which uses a
chromatographic column to separate components in a complex mixture based upon their
molecular size or shape. The size exclusion column used for this procedure separated
lipids and high molecular weight components from target chlorinated and aromatic
hydrocarbons in tissue extracts. An automated gel permeation chromatographic
technique using a high performance liquid chromatography system consisting of an
autosampler, a ultraviolet detector, and an isocratic pump was used to purify sample
extracts. Extracts were processed through a guard column and two size exclusion
columns connected in series and the desired fraction was collected with a fraction
collector. The collected fraction was then concentrated and analyzed for polycyclic
aromatic hydrocarbons, pesticides, and polychlorinated biphenyls using the appropriate
instrumental procedures.

1. INTRODUCTION

Sample extracts, particularly those from biological tissue samples, contain a large amount of
lipids and high molecular weight components. These non-target components may interfere with
the instrumental analyses of polycyclic aromatic hydrocarbons (PAHs), pesticides, and
polychlorinated biphenyls (PCBs). Purification of the sample extracts by alumina/silica gel
column chromatography helps alleviate this problem. However, a large amount of neutral lipids
and high molecular weight components from tissue samples are eluted together with the target
analytes. Further purification of the sample extracts is required in order to analyze the PAHSs,
pesticides, and PCBs at parts per billion level. Size exclusion chromatography can separate the
target analytes from the high molecular weight lipids and other components.

2. APPARATUS AND MATERIALS
2.1. Equipment

Autosampler: Thermo Separation Products model AS100 or equivalent.

HPLC isocratic pump: Thermo Separation Products model P1000 or equivalent.

Fraction collector: Isco model Foxy 200 or equivalent.

Size Exclusion column: two connected in series, Phenomenex 250 mm X 22.5 mm
Phenogel 100 A columns or equivalent.

Phenogel 100 A guard column: Phenomenex 50 mm x 7.8 mm.

UV absorbance detector: Waters 440 or equivalent, 254 nm.

Hewlett-Packard 3396A integrator

Electrobalance: Cahn or equivalent, with an accuracy of 0.001 mg

Water bath: heated to 60 - 65 °C.
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2.2. Materials

Boiling chips, Teflon, dichloromethane rinsed.

Concentrator tubes, glass, 25-mL.

Fraction collector vials, 50-mL, 25 x 100 mm.

Autosampler vials, tear-shaped (tapered bottom), 1.2 mL Rainin or equivalent.

Pasteur pipettes: 1-mL, glass, disposable.

Autosampler vials, 2-mL, amber borosilicate glass with Teflon liner caps.

Biphenyl, 99% purity, Aldrich Cat. # B3,465-6 or equivalent.
4,4’-Dibromooctafluorobiphenyl (DBOFB), 99% purity, Aldrich Cat. # 10,199-0 or
equivalent.

Perylene, 99% purity, Aldrich Cat. # P1,129-4 or equivalent.

Dichloromethane, Burdick and Jackson Cat. #300-4, pesticide grade or equivalent, Lot
tested.

Helium, 99.99% purity.

2.3. HPLC calibration standard
Stock solutions

Biphenyl (0.25 mg/mL): 6.25 mg of biphenyl was weighed into a 25-mL volumetric flask
using a Cahn electrobalance. The biphenyl was dissolved in dichloromethane and the solvent
was filled to the 25 mL mark. After the biphenyl was completely dissolved, the solution
was transferred to a clean, labeled bottle with a Teflon-lined cap.

Perylene (0.125 mg/mL): 3.125 mg of perylene was weighed into a 25-mL volumetric
flask and the flask was filled with dichloromethane to the mark. After the perylene was
dissolved, the solution was transferred to a clean, labeled bottle with a Teflon-lined cap.

4,4’-Dibromooctafluorobiphenyl (DBOFB) (0.125 mg/mL): 3.125 mg of DBOFB was weighed
into a 25-mL volumetric flask and the flask was filled to the mark with dichloromethane.
After the DBOFB was dissolved, the solution was transferred to a clean labeled bottle with
a Teflon-lined cap.

2.4. GPC/HPLC calibration standard

The GPC/HPLC calibration standards was prepared by adding 1 mL of each of the stock
solutions to a 250-mL volumetric flask and filing to the mark with dichloromethane.
Concentrations of biphenyl, perylene, and DBOFB should be 1 ng/mL, 0.5 ng/mL, and 0.5
ng/mL, respectively.

When not being used, all solid, stock, and diluted standards were stored in the dark at 20 °C
in the freezer. The solutions were brought to room temperature prior to use. With proper
storage, standard solutions were stable for 12 months.

2.5. GPC/HPLC Calibration

Prior to processing analytical extracts through the GPC/HPLC, the system performance was
checked and the GPC/HPLC was calibrated. The calibration of GPC/HPLC verified the instrument
performance based upon the retention time and area of each of the calibration standards. The
time to start collecting the fractions for actual samples was 1 min before the elution of DBOFB.
For this test, three GPC/HPLC -calibration solution and a blank were used to verify the
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performance criteria. Adjustment and/or re-calibration was performed until the criteria were
met.

The GPC/HPLC calibration standard was brought to room temperature prior to use.
Approximately 1 mL of the GPC/HPLC calibration standard solution was transferred into the
Rainin tapered autosampler vials using a disposable Pasteur pipette. The vials were sealed with
Teflon-lined septa that were pre-rinsed with dichloromethane. The GPC/HPLC calibration
standards were used during instrument calibration and in the sample extract purification
sequence.

Solvent blanks were prepared by filling the autosampler vials with dichloromethane. Blanks
were used during instrument calibration and in the sample extract purification sequence.

The HPLC was set at a flow rate of 7 mL/min. The normal operation pressure of the HPLC
system was from 700 to 900 psi at this flow rate. If the pressure was outside this range, the
source of the pressure variation was identified and corrected.

Three calibration standard vials and one blank vial were placed in the sample tray of the
autosampler. The autosampler was programmed to start the sample sequence from the first
position and inject 1 mL of the sample. The cycle time (the total running time per sample) was
set at 25 min. After placing four collection vials in the fraction collector tray, the sample
sequence was started.

The separation of the three standards was checked on the chromatogram. The three compounds
should be completely separated. DBOFB should elute at approximately 15 min, followed by
biphenyl at about 16 min. Perylene should elute at approximately 18 min. The retention time of
the three peaks should not vary more than 5%, or approximately 0.6 min, among the three
chromatograms. The peak area of DBOFB should be at least 1,000,000 integrator units. The
blank should have no peaks. If the calibration is verified, the system performance is acceptable
and the analysis of samples may begin. If the calibration failed, the GPC/HPLC system must be
checked and the problem must be corrected.

Before starting the sample analysis, the collection time of the fraction collector should be
checked and verified, making sure the collection time corresponds to the elution time of the
calibration standards. The starting time of collection was 1 min before the elution of DBOFB.
The total collection time was 7 min and 30 sec after starting the collection. For example, if the
DBOFB elutes at 15:10 min, the starting collection time is set at 14:10 min and the end of
collection time is set at 21:40 min.

2.6. Preparation of sample extracts for GPC/HPLC

After the extraction of the tissue samples and purification of the extracts using column
chromatography, the sample extracts were concentrated to a final volume of 0.5 mL in
dichloromethane and transferred to tear-drop (tapered bottom) autosampler vials. The final
volume in the autosampler vial should not exceed 1 mL.

For extremely viscous extracts or extracts with high lipid content (greater than 500 mg), the
sample extracts can be diluted and divided into multiple autosampler vials. In this case,
fractions collected from the HPLC are concentrated and combined prior to the addition of the GC
internal standards.

A sample sequence was setup in the autosampler sample tray starting from the first position
using the following sequence: three initial calibration standards, one blank, five samples, one
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blank, five samples, one blank, one continuing calibration standard (CCS), five samples, one
blank, five samples.

For every five samples an instrument solvent blank was run. For every ten samples an
instrument solvent blank and a CCS was added. Each GPC/HPLC sample sequence must end with
a blank and CCS.

Appropriate number of collection vials was placed in the sample tray of the fraction collector,
following the correct sample sequence in the autosampler tray. The number of the collection
vials should be equal or greater than the number of samples plus the instrument blanks and
calibration standards. The autosampler was programmed to run the sample sequence. The
injection volume was set to inject all of the sample (1 mL) into the column. The cycle time was
set at 25 min. The needle height of the autosampler was adjusted so that the entire sample
extract was injected.

After the sample sequence was completed, the correct number of samples collected by the
fraction collector was verified. The runs of calibration standards were verified to meet the QC
criteria. The instrument blank was verified to contain no peaks. The autosampler vials were
also checked to ensure that the entire extract had been injected. The vials should be empty. If
there is extract remaining in the autosampler vials, the volume of the extract may be brought
up to 1 mL with dichloromethane and reinjected into the HPLC system. The reinjected fraction
collected was then combined with the original collected fraction.

The collected sample vials were placed in a vial rack and 1-2 pieces of boiling chips were
added. The sample was then concentrated to approximately 5-10 mL on the 60-65 °C water
bath. The concentrated sample was transferred to a 25-mL concentrator tube. The collection
vials were rinsed at least three times with dichloromethane and the rinses were added to the
concentrator tube. The transferred sample extract was concentrated and the solvent was
exchanged to 1 mL hexane. After adding appropriate amount of required GC internal standards,
the sample was transferred to a labeled 2-mL brown vial. The vial was capped with a Teflon
lined screw cap and was stored at O °C in the dark. The purified sample extract was ready for
instrumental analysis.

3. CONCLUSIONS
This HPLC gel permeation technique allows for the separation of most biological lipids from the

PAHs, pesticides, and PCBs measured. With the lipids removed, reliable quantitations can be
achieved.
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Quantitative Determination of Polynuclear Aromatic Hydrocarbons by Gas
Chromatography/Mass Spectrometry (GC/MS) - Selected lon Monitoring (SIM)
Mode

G. J. Denoux, P. Gardinali, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

Polycyclic aromatic hydrocarbons can be determined at low concentrations by mass
spectrometry due to their strong molecular ion response. Therefore, GC/MS in the
selected ion monitoring mode provides unambiguous and sensitive detection for PAHs.

1. INTRODUCTION

The quantitative method described in this document was used to determine polycyclic aromatic
hydrocarbons (PAH) and their alkylated homologues in extracts of water, sediments and
biological tissues. Quantitation was performed by gas chromatography mass spectrometry
(GC/MS) in the selected ion monitoring (SIM) mode. Target analytes are listed in Table 1.

2. APPARATUS AND MATERIALS

The analytical system included a temperature programmable gas chromatograph (Hewlett-
Packard 5890A, or equivalent) equipped with a split-splitless injection port routinely operated
in the splitless mode. A 30-m long x 0.32-mm i.d., 0.25 pm phase thickness DB-5MS fused
silica capillary column was used for the analytical determination. Helium was used as the
carrier gas and the samples were handle by an autosampler capable of making 1 - 4 pL
injections.

The mass spectrometer (HP5970/5972 MSD) was operated at 70 eV electron energy in the
electron impact ionization mode and was tuned to maximize the sensitivity of the instrument
according to the manufacturer’s specifications. The GC capillary column was directly
interfaced with the ion source of the mass spectrometer.

3. REAGENTS

3.1. Surrogate spiking solution

A surrogate spiking solution was made by weighing appropriate aliquots of pure compounds into
a volumetric flask and diluting to volume with dichloromethane [or by using a commercially
available certified standard (NIST or equivalent)]. Surrogates were added to all samples prior

to extraction at a concentration of approximately ten times the MDL.

The compounds in the surrogate solution were naphthalene-dg, acenaphthene-d,,
phenanthrene-d,,, chrysene-d,, and perylene-d;,. The surrogate solution provides a spike
where approximately 100 pL of solution gave a concentration of 40 ng/mL in the final extract
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regardless of matrix. All sample analyte concentrations were quantitated based on the
applicable surrogate (Table 1).

3.2. Internal standard solutions

A solution containing each internal standard (fluorene-d,,, and benzo[a]pyrene-d,,) at 4 ug/mL

was prepared by weighing a certified standard (NIST or equivalent) into a volumetric flask and
diluting to volume with dichloromethane. The GC conditions were set so that the internal
standards were resolved, but elute in close proximity to, the analytes of interest. Sufficient
solution was added to the extract prior to analysis to give a final concentration of the internal
standard of 40 ng/mL.

3.3. Matrix recovery standard spiking solution

A solution containing 2- to 5-ring PAH compounds was used to fortify matrix spike samples
(Table 2). A certified solution (NIST SRM 2260) was purchased and diluted to the appropriate
working concentration. Dibenzothiophene was not present in the SRM and was added to the
solution by weighing the neat material to make a concentration of 1.00 pg/pL. The spiking
solution was used to fortify samples to a final concentration of approximately ten times the
MDL.

3.4. Reference oil solution

A solution of a laboratory reference oil was analyzed as an instrument reference solution with
each analytical batch. The concentration of oil was approximately 0.8 mg/mL. The oil was
weighed into a volumetric and brought to volume with dichloromethane.

4. GC/MS CALIBRATIONS

A five-point calibration curve was established to demonstrate the linear range of the detector.
The recommended standard concentrations used were 20, 100, 250, 500 and 1000 ng/mL.
Standard solutions were made by diluting NIST SRM 1491 to the appropriate concentration.
Dibenzothiophene was not present in the SRM and was added to the calibration solution by
weighing the neat material. When response factors were used, the averaged response factors
for the targeted analytes were kept within a +15% RSD. Linear regression was used for the
calibration curve evaluation. The control values of the R? term were set to be greater than
0.99.

After every 8 - 10 samples, the mass spectrometer response for each PAH relative to the
internal standard was determined using check standards at concentrations of 250 ng/mL. Daily
response factors for each compound were compared to the initial calibration curve. If the
average daily response factors for all analytes were within £15% of the -calibration value,
analyses proceeded. If, for any analyte, the daily response factor exceeded +25% of
calibration value, a five point calibration was repeated.

Qualitative identification of target compounds was based on relative retention time (RRT)

criteria. Table 3 contains example RRT data for unsubstituted PAHs. RRT windows for alkyl
homologues were based on analysis of the reference oil.
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Table 1. Target compounds.

Compounds IS Surrogate Compounds IS Surrogate
reference reference reference reference
Naphthalene A 1 Benz[a]anthracene B 4
C,-Naphthalenes A 1
C,-Naphthalenes A 2 Chrysene B 4
C,-Naphthalenes A 2 C1-Chrysene * B 4
_ *
C,-Naphthalenes * A 2 Co-Chrysene B 4
C5-Chrysene * B 4
Biphenyl A 2 C4-Chrysene * B 4
Acenaphthylene A 2
Benzo[b]fluoranthene B 4
Acenaphthene A 2 Benzo[k]fluoranthene B 4
Benzo[e]pyrene B 4
Fluorene A 2 Benzo[a]pyrene B 4
C,-Fluorenes * A 2 Perylene B 5
C,-Fluorenes * A 2 Indeno[1,2,3-cd]pyrene B 4
C4-Fluorenes * A > leenz[a,_h]anthracene B 4
Benzo[ghi]perylene B 4
D|ber_nzoth|oph.ene A 3 Internal standards
C,-Dibenzothiophenes * A 3
C,-Dibenzothiophenes * A 3 1-Methylnaphthalene A 1
Cs-Dibenzothiophenes * A 3 2-Methylnaphthalene A 1
2,6-Dimethylnaphthalene A 2
Phenanthrene A 3 1,6,7-Trimethylnapthalene A 2
C,-Phenanthrenes A 3 1-Methylphenanthrene A 3
C,-Phenanthrenes * A 3
C4-Phenanthrenes * A 3 Internal Standards
C4-Phenanthrenes * A 3
Fluorene-d, A
Anthracene A 3 Benzo[a]pyrene-d,, (B)
C,-Anthracenes * A 3
C,-Anthracenes * A 3 Surrogates
Cs-Anthracenes * A 3
Naphthalene-dg 1)
C,-Anthracenes * A 3
Acenaphthene-d, 2
Fluoranthene B 3 Phenanthrene-d,, (3
C,-Fluoranthenes * B 3 Chrysene-d,, 4
Perylene-d,, 5)
Pyrene B 3
C,-Pyrene B 3

*Alkylated homologues not included in the calibration solution.

NOTE: Alkylated phenanthrenes and anthracenes, and alkylated fluoranthenes and pyrenes were quantified together as total
alkylated (Cx) phenanthrene/anthracenes and total alkylated (Cx) fluoranthenes/pyrenes. Only the parent compounds and
specific isomers were reported as individual compounds.
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Table 2. Final concentration of PAH matrix spike solution (in CH,Cl,).

Compound Spiking solution (nug/mL)
1-Methylnaphthalene 1.31
1-Methylphenanthrene 1.30
2-Methylnaphthalene 1.27
2,6-Dimethylnaphthalene 1.31
2,3,5-Trimethylnaphthalene 1.17
Acenaphthene 1.36
Acenaphthylene 1.26
Anthracene 0.10
Benzo[a]pyrene 1.19
Benzo[b]fluoranthene 1.31
Benzo[e]pyrene 1.31
Benzo[ghi]perylene 1.17
Benzo[k]fluoranthene 1.31
Benz[a]anthracene 1.14
Biphenyl 1.32
Chrysene 1.32
Dibenzothiophene 1.01
Dibenz[a, h]anthracene 0.99
Fluoranthene 1.32
Fluorene 1.01
Indeno[1,2,3-cd]pyrene 1.17
Naphthalene 1.32
Perylene 0.99
Phenanthrene 1.31
Pyrene 1.32
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Table 3. Relative retention times and confidence intervals.”

Absolute 95%
retention time Average Percent confidence
(min) RRT SD RSD Limits

Naphthalene-dg (Surr.) 6:46 1.01 0.02 2.29 0.98-1.04
Naphthalene 6:52 1.01 0.02 2.29 0.97-1.04
2-Methylnaphthalene 8:10 0.87 0.02 2.08 0.84-0.91
1-Methylnaphthalene 8:36 1.20 0.02 2.05 1.16-1.23
Acenaphthylene 10:25 0.96 0.02 1.82 0.93-1.0

Acenaphthene 10:72 0.99 0.02 1.85 0.95-1.02
Fluorene-d,, (IS) 11:50 0.87 0.01 1.73 0.84-0.90
Fluorene 11:96 0.87 0.01 1.74 0.84-0.90
Dibenzothiophene 14:15 0.97 0.02 1.82 0.94-1.01
Phenanthrene 14:35 0.99 0.02 1.59 0.95-1.02
Anthracene 14:45 0.99 0.02 1.60 0.96-1.03
Fluoranthene 17:33 1.13 0.02 1.46 1.10-1.16
Pyrene 17:87 1.16 0.02 1.44 1.12-1.19
Benz[a]anthracene 20:96 0.87 0.01 1.32 0.85-0.90
Chrysene-d;, (Surr.) 20:99 0.90 0.01 1.32 0.87-0.92
Chrysene 21:04 0.88 0.01 1.32 0.85-0.90
Benzofluoranthenes 23:52 0.96 0.01 1.50 0.93-0.99
Benzo[e]pyrene 24:08 0.98 0.02 1.59 0.95-1.02
Benzo[a]pyrene 24:19 0.99 0.02 1.61 0.96-1.02
Perylene 24:38 1.00 0.02 1.84 0.96-1.03
Indeno [1,2, 3-cd] pyrene 26:99 1.112 0.02 2.27 1.06-1.16
Dibenz[a, h]anthracene 27:08 1.11 0.03 2.74 1.05-1.17
Benzo[ghi] perylene 27:71 1.15 0.03 2.42 1.09-1.20

* This table is to serve as an example. Absolute retention times may vary depending on the length and condition of the GC
column.

5. DAILY GC/MS PERFORMANCE TESTS

The mass spectrometer performance was checked daily using perfluorotributylamine (PFTBA)
according to manufacturer’s tuning procedures. These procedures included the optimization of
peak widths, relative abundances, and mass axis calibration for the PFTBA fragments at m/z
69, 219, and 502 according to the recommended criteria. Isotope abundances were also
checked according to the manufacturer’s criteria.

6. GAS CHROMATOGRAPHY/MASS SPECTROMETRY ANALYSES

Just prior to analysis, an aliquot of internal standard solution was added to the sample
producing a final internal standard concentration of approximately 40 ng/mL. Representative
aliquots were injected into the capillary column of the gas chromatograph using the following
conditions:
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Injector temp: 300 °C

Transfer line temp: 280 °C
Initial oven temp: 40 °C
Initial hold time: O min.
Ramp rate: 10 °C
Final temperature: 300 °C
Final hold time: 4 min.

The effluent from the GC capillary column was routed directly into the ion source of the mass
spectrometer (MS). The MS was operated in the selected ion monitoring (SIM) mode using
appropriate windows to include the quantitation and confirmation masses for the PAHs listed in
Table 4. For all compounds detected at a concentration above the MDL the confirmation ion was
checked to confirm its presence.

Compounds identified and quantified below the MDL were appropriately flagged and reported. If
the concentration of any target compound in a sample exceeded the linear range defined by the
standards above, the extract was diluted and reinjected.

7. CALCULATIONS
7.1. Qualitative identification

The extracted ion current profiles of the primary m/z ion for each analyte met the following
criteria:

The retention time fell within £0.2 min of the retention time of the authentic compound or alkyl
homologue grouping determined by analysis of reference materials.

The alkylated PAH homologue groupings (e.g. C;-naphthalene) appeared as clusters of isomers.

The pattern of each cluster and the retention time window for the cluster was established by
analysis of reference oil solution. The cluster was integrated in its entirety and the total
response was used for quantification.

The relative peak heights of the primary ion compared to the confirmation or secondary ion
masses should be within £30% of the relative intensities of these masses in a reference mass
spectrum if the compound was correctly identified. The reference mass spectrum was obtained
from reference standards. A compound that does not meet secondary ion confirmation criteria
may indicate interference. The confirmation ion was checked only where interference was
suspected.

7.2. Quantitation

The following formula was used to calculate the response factors of the surrogate relative to
each of the calibration standards.
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Table 4. Quantitations, confirmation ions, and relative abundance.

Analyte Quant. ion Conf. ions Percent abundance*
dg-Naphthalene 136 134 15
Naphthalene 128 127 15
C,-Naphthalenes (including isomers) 142 141 80
C,-Naphthalenes 156 141 ND
C3-Naphthalenes 170 155 ND
C4-Naphthalenes 184 169, 141 ND
d,g-Acenaphthene 164 162 95
Acenaphthylene 152 153 15
Biphenyl 154 152 30
Acenaphthene 154 153 98
d,g-Fluorene 176 174 85
Fluorene 166 165 95
C,-Fluorenes 180 165 100
C,-Fluorenes 194 179 25
C3-Fluorenes 208 193 ND
d,g-Phenanthrene 188 184 ND
Phenanthrene 178 176 20
Anthracene 178 176 20
C,-Phenanthrenes/anthracenes 192 191 60
C,-Phenanthrenes/anthracenes 206 191 ND
C3-Phenanthrenes/anthracenes 220 205 ND
C4-Phenanthrenes/anthracenes 234 219,191 ND
Dibenzothiophene 184 152, 139 15
C,-Dibenzothiophenes 198 184, 197 25
C,-Dibenzothiophenes 212 197 ND
C5-Dibenzothiophenes 226 211 ND
Fluoranthene 202 101 15
d,,-Chrysene 240 236 ND
Pyrene 202 101 15
C,-Fluoranthenes/pyrenes 216 215 60
Benzo[a] anthracene 228 226 20
Chrysene 228 226 30
C,-Chrysenes 242 241 ND
C,-Chrysenes 256 241 ND
Cz-Chrysenes 270 255 ND
C4-Chrysenes 284 269, 241 ND
d,,-Benz[a]pyrene 264 260 20
Benzo[b]fluoranthene 252 253, 125 30, 10
Benzo[k]fluoranthene 252 253, 125 30, 10
Benzo[e]pyrene 252 253 30, 10
Perylene 264 253 20
d,,-Perylene 264 260 ND
Benzo[a]pyrene 252 253, 125 30, 10
Indeno[1,2,3-cd]pyrene 276 277,138 25,30
Dibenzo[ah]anthracene 278 279, 139 25, 20
Benzo[ghi]perylene 276 277,138 25,20

ND - Not determined
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where A, was the area of the characteristic ion for the parameter to be measured, Agy was the
area of the characteristic ion for the surrogate, C,, was the concentration of the surrogate
(ng/mL), and C_ was the concentration of the target analyte to be measured (ng/mL).

The response factor of alkyl homologues was assumed to be equal to that of respective
unsubstituted parent compounds. Based on these response factors, sample extract
concentrations for each PAH and alkyl homologue grouping was calculated using the following
formula:

A, C

S su
C.=

¢ Ay RF
where C, was the sample extract concentration (ng), A, was the area of the characteristic
quantitation ion for the target analyte to be measured, A, was the area of the characteristic
quantitation ion for the surrogate, and C,, was the amount of surrogate added to each extract

(ng).

The actual sample concentration (C) for each compound was calculated using the following
formula:

where C was the concentration in sample (ng) and SA was the sample amount (in grams).

8. QUALITY CONTROL/QUALITY ASSURANCE (QA/QC) REQUIREMENTS
8.1. GC/MS tuning

The GC/MS was tuned using PFTBA according to manufacturer’s specifications prior to the
analysis of each QC batch.

8.2. GC/MS initial calibration and continuing calibration checks

A five-point response factor calibration curve was established demonstrating that the analyte
average response factors were within the +15% RSD criteria (and an R2 of 0.99 or better for
the linear regression) . After every 8 - 10 sample analyses, the mass spectrometer response
factor (RF) for each PAH of interest (Table 1) relative to the internal standard was determined.
The daily response factors for each compound were compared to the initial calibration curve.
The percent difference was calculated using the following equation:

(RFI - RFC)

Percent difference = RFI 100

where RFl was the average response factor from initial calibration and RFC was the response
factor from current verification check standard. If the average daily response factors for all
analytes were within £15% of the calibration value, analyses proceeded. If, for any analyte,
the daily response factor exceeded +25 percent of the calibration value, a five point calibration
was repeated prior to analysis.
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8.3. Standard reference oil

The standard reference oil was analyzed with all analytical batches. The reference
concentration was defined as the average of all previous analyses plus or minus one standard
deviation. The measured concentration was within =+ 25% of the laboratory value on average
for all analytes greater than the MDL and did not exceed +35% for any individual analyte.

8.4. Method blank analysis

An acceptable method blank did not contain the analytes of interest at concentrations above
three times greater than the MDL. If the method blank exceeds this criteria, the analytical
procedure was out of control and the source of the contamination was investigated and
corrective measures were taken and documented before further sample analysis proceeded. The
first corrective action was to re-inject the blank to confirm the out-of-control event. If the
blank still exceeded the criteria, all samples in that batch were re-extracted and re-analyzed.

8.5. Surrogate compound analysis

All samples, including quality control samples, were spiked with deuterated PAH surrogate
compounds. The surrogate compounds were spiked into the sample prior to extraction to
determine sample matrix effects associated with sample preparation and analysis. Surrogates
included naphthalene-dg, acenaphthene-d,,, phenanthrene-d,,, chrysene-d,, and perylene-d,,.

Just prior to analysis, the extract was spiked with a solution containing the GC Internal
Standards. These compounds were fluorene-d,, and benzo[a]pyrene-d,,. The recovery of the

surrogates were monitored in each sample using the relative response factor of the Surrogate
to the Internal Standard.

A C
Percent SUR recovery = SUR Z1S

CSUR AIS RFSUR

where Ag was the area of the characteristic ion for the appropriate internal standard, Ag
was the area of the characteristic ion for the surrogate, Cg; was the amount in ng of
deuterated surrogate added to the sample, C,g was the amount in ng of deuterated internal
standard added to the sample extract and RFg ; was the response factor for the surrogate.

The laboratory took corrective action whenever the recovery for any surrogates, except
perylene-d,,, was less than 40% or greater than 120%.

The following corrective actions were taken:
a. The calculations were checked to assure there were no errors.

b. The internal standard and surrogate solutions were checked for degradation,
contamination, etc., and the instrument performance was checked.

c. If the surrogate recovery was outside the control limits, the secondary ion was used to
check the quantitation of the surrogate. If the secondary ion was within the control limits,
this recovery was appropriately annotated.

d. If the upper control limit was exceeded for only one surrogate, and the instrument

calibration and surrogate standard concentration were in control, it was concluded that an
interference specific to the surrogate was present that resulted in high recovery and that
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this interference did not affect the quantitation of other target compounds. The presence of
this type of interference was confirmed by evaluation of chromatographic peak shapes. To
correct for the underestimation of the analyte concentration based on this surrogate, the
analytes were quantitated using an alternate surrogate that was chromatographically
closest to the surrogate exhibiting interference.

e. If the surrogate could not be measured because the amount and nature of the
hydrocarbon in the sample, the analytes based on that surrogate will be quantitated based
on the closest surrogate. The surrogate recovery was appropriately qualified.

f. If the native concentration of hydrocarbons were high and required that a dilution for
quantitation purposes be made, a known aliquot of the extract was sampled and diluted. One
hundred (100) pL of surrogate and 100 pL of internal standard were added and the volume
brought to 1.0 mL. The appropriate dilution factor was used in the quantitation software for
the sample and surrogate recoveries were assumed to be 100% for the re-analyses. The
recovery in these cases and the surrogate recoveries were not reported but qualified with
a “D” to denote the dilution.

g. If the steps above failed to reveal a problem, the sample or extract was then re-
extracted. If reanalysis of the new extract yielded surrogate recoveries within the stated
limits, then the reanalysis data was reported. If reanalysis did not yield acceptable
recoveries, the data was listed as out of control because of matrix effects.

8.6. Matrix spike analysis

The laboratory analyzed a matrix spike and matrix spike duplicate (MS/MSD) with every 20
samples or with every sample set, whichever was more frequent. A sample randomly chosen
was split into three subsamples and two subsamples were fortified with the matrix spiking
solution containing the compounds listed in Table 2. The acceptable matrix spike recovery
criteria was a recovery for all 25 compounds between 50 and 120% for at least 80% of the
analytes.

If the matrix spike criteria were not met, the matrix spike analysis was repeated. If the
subsequent matrix spike analysis met the criteria, then the reanalysis data was reported. If the
matrix spike criteria were not met on re-injection, the sample set was re-extracted.

8.7. Standard Reference Material

When available, a standard reference material was extracted and analyzed with each batch of
samples. Target concentrations were defined as the range of the certified value plus or minus
the 95% confidence intervals found in the SRM certification. The measured concentration was
within £30% of the target concentration on average for all analytes either certified or non-
certified with concentrations greater than 10 times the MDL.

8.8. Method detection limit

The actual analytical method detection limit (MDL) was determined following procedures
outlined in Federal Register (1984), Vol. 49, No. 209: 198-199.
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9. CONCLUSIONS

The PAH quantitation method is very rigorous because PAHs have very strong molecular ion
peaks under the mass spectrometric conditions used. Also the availability of labeled surrogates
internal standards of many of the analytes makes very accurate determinations of analyte
concentrations possible.
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Quantitative Determination of Tetra- Through Octa-Polychlorinated Dibenzo- p-
dioxins and Dibenzofurans by Isotope Dilution High Resolution Gas
Chromatography/High Resolution Mass Spectrometry

L. Chambers, P. Gardinali, J. L. Sericano, and T. L. Wade
Geochemical and Environmental Research Group
Texas A&M University
College Station, TX

ABSTRACT

This method was used for the determination of tetra- through octa-chlorinated dibenzo-
p-dioxins (PCDDs) and dibenzofurans (PCDFs) in sediment and tissue samples by high
resolution gas chromatography/high resolution mass spectrometry. The seventeen
2,3,7,8-substituted PCDDs/PCDFs were determined by this method at pg/g levels. The
minimum levels reported for the target compounds are the levels at which the
PCDDs/PCDFs can be determined with no interferences present. The procedures
described here were largely based on the protocols described in EPA Method 1613 and
EPA Method 8290 and designed to meet or exceed the quality control criteria outlined in
those methods. The analyst is permitted to modify the method provided that all
performance criteria in this method are met.

1. PURPOSE AND SUMMARY

This procedure was used to provide quantitative determination of tetra- through octa-
polychlorinated dibenzo-p-dioxins (PCDDs) and dibenzofurans (PCDFs) in sample extracts using
isotope dilution high resolution gas chromatography/high resolution mass spectrometry
(HRGC/HRMS).

The instrumental protocols described in this procedure were applied to the quantitative analysis
of extracts from sediment and bivalve tissues.

The chlorinated dibenzo-p-dioxins and dibenzofurans (PCDDs and PCDFs) determined by this
method and their Chemical Abstract Service (CAS) Registry numbers are listed in Table 1. The
retention time references, quantitation references, relative retention times and minimum
levels for determination of PCDDs and PCDFs using this method are listed in Table 2. The
minimum level (ML) for each analyte was defined as the level at which the entire system must
give a recognizable signal and an acceptable calibration point. It was equivalent to the
concentration of the lowest calibration standard, assuming that all method specific sample
weights, volumes, and procedures were employed. The ML varied with the degree of
chlorination. The sample-specific estimated detection limit (EDL) was the concentration of an
analyte required to produce a signal with a peak height at least three times the background
signal level. An EDL was calculated for each 2,3,7,8-substituted isomer that was not detected.
The quantitation software (OPUSQuan) supplied by the instrument manufacturer calculated a
sample specific-EDL using an algorithm based on the criteria outlined in EPA Method 8290,
Section 7.9.5.1.1. The analyte concentrations of the calibration standards (CS1-CS5) used for
instrument calibration are listed in Table 3.
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Table 1. Chlorinated dibenzo-p-dioxins and dibenzofurans determined by isotope dilution high

resolution gas Chromatography (HRGC)/high resolution mass spectrometry (HRMS).

CDDs/CDFs” CAS Registry Labeled analog CAS Registry
2,3,7,8-TCDD 1746-01-6 13¢,,-2,3,7,8-TCDD 76523-40-5
37Cl,4-2,3,7,8-TCDD 85508-50-5
Total TCDD 41903-57-5 ----
2,3,7,8-TCDF 51207-31-9 13¢,,-2,3,7,8-TCDF 89059-46-1
Total-TCDF 55722-27-5
1,2,3,7,8-PeCDD 40321-76-4 13¢,,-1,2,3,7,8-PeCDD 109719-79-1
Total-PeCDD 36088-22-9
1,2,3,7,8-PeCDF 57117-41-6 13¢,,-1,2,3,7,8-PeCDF 109719-77-9
2,3,4,7,8-PeCDF 57117-31-4 13¢C,,-2,3,4,7,8-PeCDF 116843-02-8
Total-PeCDF 30402-15-4
1,2,3,4,7,8-HxCDD 39227-28-6 13¢,,-1,2,3,4,7,8-HXCDD 109719-80-4
1,2,3,6,7,8-HxCDD 57653-85-7 13¢,,-1,2,3,6,7,8-HxXCDD 109719-81-5
1,2,3,7,8,9-HxCDD 19408-74-3 13¢,,-1,2,3,7,8,9-HXCDD 109719-82-6
Total HXCDD 34465-46-8
1,2,3,4,7,8-HXCDF 70648-26-9 13¢,,-1,2,3,4,7,8-HXCDF 114423-98-2
1,2,3,6,7,8-HXCDF 57117-44-9 13¢,,-1,2,3,6,7,8-HXCDF 116843-03-9
1,2,3,7,8,9-HxCDF 72918-21-9 13¢,,-1,2,3,7,8,9-HXCDF 116843-04-0
2,3,4,6,7,8-HXCDF 60851-34-5 13¢C,,-2,3,4,6,7,8-HXCDF 116843-05-1
Total-HxCDF 55684-94-1
1,2,3,4,6,7,8-HpCDD  35822-46-9 13¢,,-1,2,3,4,6,7,8-HpCDD  109719-83-7
Total-HpCDD 37871-00-4
1,2,3,4,6,7,8-HpCDF  67562-39-4 13¢,,-1,2,3,4,6,7,8-HpCDF ~ 109719-84-8
1,2,3,4,7,8,9-HpCDF  55673-89-7 13¢,,-1,2,3,4,7,8,9-HpCDF ~ 109719-94-0
Total-HpCDF 38998-75-3 ---- ----
OCDD 3268-87-9 13¢,,-0CcDD 114423-97-1
OCDF 39001-02-0 not used

* Chlorinated dibenzo-p-dioxins and chlorinated dibenzofurans

TCDD = Tetrachlorodibenzo-p-dioxin TCDF = Tetrachlorodibenzofuan
PeCDD = 